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IRON AND STEEL. 



INTRODUCTION. 

1. This report on the iron and steel at the Vienna Exhibition in 1873 
was undertaken at the reqaest of the scientific commission of the United 
States to Vienna, and of the chief commissioner. The materials were 
gathered and the outline of the report was drawn before leaving Vienna 
at the close of the exhibition. It was designed to present a review of 
the iron and steel industry of the globe, but on the author's return to the 
United States the pressure of other occupation prevented giving that 
attention to the elaboration of the subject which its importance demands. 
The data are necessarily presented to a great extent in the form in which 
they were procured, and without attempts at generalization. 

Two or more excellent reports upon the iron and steel at Vienna have 
been published abroad ; one, by Messrs. Maw & Dredge, appears in the 
reports of the British commission ; another, by Anton Kerpely, appears 
in a separate and private publication, in two parts, at Schemnitz — ^^Das 
Eisen auf der Wiener WeltausstellungP 

2. According to the figures given by Messrs. Maw & Dredge, the total 
production of all countries in pig and malleable iron is about 15,322,500 
tons annually, divided approximately as follows : 

Tods. 

England • 6, 733, 000 

United States 2, 800, 000 

Germany 2,664,000 

France 1,182,000 

Belgium 565,000 

Austria-Hungary 425, 000 

Russia 360, 000 

Sweden and Norway 306,000 

Italy 74,000 

Spain 72,000 

Switzerland 7,500 

British and South America 50, 000 

Japan 9,000 . 

Asia 40,000 

Africa 25,000 

A a Bt ral ia 10,000 

li 
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Mr. David Forbes,* ia bis report upon tbe progress of iroa and steel 
industry in tbe year 1873, gives a total of 14,885,488 tons as a close 
approximation to tbe total production of cast iron on tbe globe. Pro- 
fessor Gruencr bas since publisbed tbe following estimate of tbe total 
production of cast and wrougbt iron and steel for tbe year 1872. He 
estimates tbe total produce of steel in tbe year 1873 as about 1,250,000 
tons. 



England 

United States 

Germany 

France 

Belffinm 

Luxembonrg 

AaBtria-Hunfiniry . . . 
Sweden and x«orway 

Raaaia 

Spain 

Italy 

Canada, India, &o.. 

Total 



Cast iron. 



Wrought 
iron. 



Tont. 
6, IZi, 387 

a.a.'so.ooo 

1,600,000 

1, 180, 000 

655,565 

250,000 

400,000 

300,000 

360,000 

34,500 

85,000 

100,000 



13, 678, 452 



3,500,000 

1, 602, 000 

1, 150, 000 

883.000 

502,577 



300.000 

191,800 

245,000 

35,600 

94,000 

70,000 



8.503.977 



Steel. 



Ton*. 
500,000 
143, OOO 
200.000 
13«>,0CO 
15.2^4 



49,250 

12,000 

7.804 

250 



1,064,968 



Tbe secretary of tbe American Iron and Steel Associatiou, Mr. 
Swank, adopts tbe following for tbe world's production of cast or pig 



iron: 
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Coontriea. 



Great Britain 

United States 

Germany 

France 

Belgium 

Austria with Hungary 

Russia t 

Sweden 

Luxembourg 

Italy 

Spain 

jNorway 

South America and Mexico 

Canada 

Japan 

Switzerland 

Asia 

Africa 

Australasia 



Total. 



Year. 



1873 
1873 
1872 
1873 
1872 
1871 
1871 
1872 
1872 
1872 
1870 



1871 
1872 



Gross tons. 



6, 
2, 
1, 
1. 



566,451 

560,903 

664,80:1 

381.000 

652,565 

424,606 

354,000 

322,000 

300.000 

73,709 

54,007 

20,000 

15,000 

10,000 

9,370 

7.500 

40.000 

20.000 

10,000 



14. 485, 97« 



3. Tbe autbor's acknowledgments are due to tbe Messrs. Haswell, of 
tbe Austrian State Railway Works, for information regarding tbe oper- 
ations of forging under tbe bydraulic press, and for opportunities of in- 
specting tbe process; to Commissioner Danfeldt and Professor Acker- 
man, of Sweden, and to Dr. Serlo, of Breslan. Tbey are also due, in 
general, to severaloftbeminingengineers at Vienna, and to tbe represent- 
atives of most of tbe exbibitors of iron and steel for tbeir courtesy in re- 
plying to inquiries, and in furnisbing information. Tbe brochures de- 

■ — — - „ 

* Bulletin de la Soci^t^ d^Eacoaragement, Septeoiber, ld74, cited by David Forbes. 



INTRODUCTION. 6 

scriptive of the principal works, wbich were generally illastrated by maps 
and drawings, were of great service, and have been freely nsed in the 
report. Such pablications arc important in conveying information to the 
visitor at the exhibition, but particularly to jurors and reporters. They 
greatly facilitate the labor of reporting, and save time and trouble to both 
visitors and exhibitoxs. Several of the official catalogues were enriched 
by statistical and descriptive statements, notably those of Sweden and 
Prussia, by which the value and significance of the exhibition from 
those countries were greatly enhanced. The utility and educating 
power of an exhibition is vastly increased by the publication in connec- 
tion with the catalogues of judiciously-prepared statistical and descrip- 
tive summaries of the various industries. 

W. P. B. 
Mill Kock, Ifeic Haven, Conn. 
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CHAPTER I. 

AUSTRIA-HUNGAEY. 

Gknbral view of the extent of the maxufactures axd display of iron and 
STEEL from Austria and other countries of Middle Europe; Tasteful 

ARRANGEMENT OF OBJECTS ; PRODUCTION OF IRON AND COAL IN AUSTRIA ; DEVEL- 
OPMENT OF IRON-INDUSTRY IN CaRINTHIA ; SECTIONS OF FURNACES, SHOWING 
INCREASING DIMENSIONS AND INCREASE OF PRODUCT ; DlAIENSIONS OF BLAST-FUR- 
NACES IN Europe ; Interior forms assumed by furnaces after long working ; 
Sections of Mariazbll furnaces ; Resicza States Railway exhibition ; Large 
Hbssemer ingot; Steel samples and rails; Etched iron ; Ferro-manganbse ; 
RosrrzER I^ining Company; Rotary puddlkr, Dank*s system; Ehrenwerth's 
rotating-iiearth puddler; Hvdrauuc forging; Wire-rope traces. 

4. Austria-Hungary.— The iron-iadustry of Austria has advanced 
rapidly in the last decade. It is prominent at the exhibition, and has 
never before been so well illustrated by ores and their products, by 
models, maps, and statistics. The iron and steel production of the 
empire is referable to three principal groups: (1) The Austrian Alps — 
Styria, Carinthia, Krain, Tyrol, and Salzburg ; (2.) Bohemia, Moravia, 
and Silesia ; and (3) Hungary. 

The importation of iron from England and Germany has been greatly 
lessened, and the exportation of iron and steel has greatly increased. 
There has of late been a tendency to a consolidation of small and scat- 
tered private establishments into large joint-stock associations, with in- 
creased capital. The spirit of enterprise and speculation has been aroused 
and stimulated by the great demand for iron and steel, and by the opening 
of communication between the mines and coal-fields by rail and between 
the furnaces and a market for their products. The exhibition happens 
to be at about the culminating point of many speculative enterprises, 
and no doubt many are desirous of making the best display possible of 
the properties upon which these enterprises are based. 

The general aspect of the ores is earthy and calcareous, in strong con- 
trast with the ores of Sweden and America. Spathic ore is the rule, and 
other ores the exception. They are remarkably pure, and very favor- 
able for the manufacture of steel. But it is not sufticient to have 
4his abundance of ores ; the fuel is equally necessary, and, unfortunately 
for the iron-industry of the empire, is not abundant or cheap. Char- 
coal can no longer be relied upon. The forests are giving out, or are 
required for other purposes than to be converted into charcoal. The 
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irou-iaduatry is consequently being revolntionized. As iu otUer coas^' 

tries, ateel is rapidly taking the place of iron, and the iron-production 

undergoes great inodificatioQ from tbis cause, independently of others. 

5, The visitors to the exhibition interested ia metallurgical industry 
are greatly indebted to the forethought of the AckerhaHintniatenum in 
preparing for distribution a very instructive r^iunK! of tho miuing indna- 
tries of the Bm|)ire, and particularly for the historical view of the 
industries of coal and of iron aud of steel in the several provinces." 
This volume contains a series of descriptive memoirs from such able 
authorities as Baron v. Boast, the imperial aud royal general mini'ig 
inspector; from Ritter v. Tnnuer, and from Unsanuk, Uofmaun, aud 
iiittlor. These exhaustive memoirs are really a part of the eshibitiou, 
aud they justify their liberal use in i-eportiug upon the departments of 
which they treat. A free and greatly condensed translation of portions 
of these memoirs has, therefore, beeu made for the follotviug pages, 
descriptive of the extent and coudition of the iron and steel industry 
of Austria- Hungary. A few of the preliminary aud later statistics are 
added from the recent retiort of Prof. David Forbes, received about the 
time of sending these pages to press. 

There were 1S4 iron-mines wortied in Austria in 1872, and 223 in 1873. 
The uuniber of iron blast-furnaoes in operation in 1871 was 115, employ- 
ing 12,278 workmen; but iu 1872, 112 furnaces, with 10,0G9 workmeu. 
There were 129 worktt in operation in 1873, aud che production is stated 
as follows : 

Viciiiia tune. Vuluo, 

Irouore 328,982 £108,3C<i 

Pig-iron, (foundery) 45,048 459,725 

Pig-iron, (forge) 280,236 2,590,133 

The production of the mines and works of the Austrian Govenimeut 
llai\v!ay,{StaatiibakH,] inclndiug the collieries at Kludno, in Bohemia, Rud 
the machiuc-works at Vieuna, has increased iu the eighteen years siuce 
the proiierties came into the {lossessiou of the Staatiibakn, from (anna- 
ally) 8(VI00to 7,000,0U0 tons of coal raised ; 15,001) to 70,000 tonsofiroa- 
ces r.iised ; 7,500 lo 35,000 tons pig-iroo produccil ; 0,000 to 27,.'i00 tons 
■wi-onght inin produced ; 25 to 100 locomotives. 

Tiie coal-mines of Beschitza yielded 57,800 tons in 1872, a part of 
which was made into coke. The three blastfurnaces are supplied witb 
churcoal-fuol, and yield gray Bessemer pig-iron from magnetic irou-on. 
The yield of these furnaces is about 34 tons of this Bessemer pig in 
twenty -four hours. A Ibnrth blast-furnace at Bogsan produces aboat 
G,000 tons of pig-iron annually. The iron at lieschitza is run dlrcfitljr 
from the blastfurnaces into the Bessemer converters, which are liIoiB 

'Dpukbnoh lira Ostcrn>irIitachen Tlnrg- nud IIllttonwcM'.na. Aua AiiIbsi ilcr WlulMT 
I 'WGlMiiABletliiDg licraQei^nelicn vom K. K. Ackcrlmuininislcrrnni, uotcr dor HfMlaotlM 
I tta MinintertuImtbesAnliiD StikamnitileiD- Vfloo, Vorlng (lea K. K. AvkcrbauinlDuMot- 
»,^az. dim. pp. 370. 
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f oiipaclty and tbree iu number. TUe annnal production !s aht 
n tons. 

K^ere are 17 paddling-furuacea »nd 30 furnaces for relicatitig am 
There are 10 trains of rolls. TLo production in ldi2 amounted 
^U,IJ50 tons of finished products, 7,810 tons being plates and railsi 
4,080^ tons Bessemer steel, in the form of asles, tires, rails, 
»,&c. 
Rfi. Alt might be expected, Austria- Rungar; takes the lead iu this 

UUon in the extent and variety of the display of iron and steel. Itli 
tout first bewildering to the visitor. He roams from one pavUiou 
another, seeing iti each a museum of metallurgy, a mine of matrnctiooi 
Ifrk mnre than can be grasped in several visits, aud requires repeated] 

minatious and time for review and comparisons. 
fiVhiB exhibition of iron and steel from Austria and Middle Europe] 
lag by far too extensive and bultty to be received iu the main iudusti 
lee or in the courts of the building, was placed for the most part 
Hes of separate buildings between the machine hall and the palaces 
•liriDin alone makes most of its display in the main building. Austi 
1 Prussia each have separate and special buildings for displaying tlis 
idacts of mining industry. For Austria there are throe or four build- 
I, of which Cacinthia alone fills one, aud Styria another. The State 
flwtky Company and other wealthy corporations have exhibitions of 
^r own. 

^e Frnssiau uiiuers aud manufacturers of iron till the greater portion 

Ttwo large buildings, one on each side of Krnpp's central pavilion, 

erected exclusively for his remarkable collection. On entering one of 

tliefte buildings, devoted to mining and quarrying, the miner feels more 

n ever » just pride in hi^^ vocation. He sees the miner's arms, the 

wed hammers, conspicuonsly emblazoned in gold over the doora, and 

tdemeatb the familiar motto, ^^ Glilck au/,^ "Good luck to you," and 

riheil npou the walls, such sentiments as, " Qott sckiilzc das 

srland uji'l netfne ilea Berghau." Here, truly, the typical honpst minora 

) be found. The government honors their calling, aud ranks it 

agriculture, as at the foundation of uatioual prosperity. But for 

a W^Dized miuingsyatems of Europe, such a uiaguiflcout exhibition 

s group of mining aud quarrying could hardly have been made. 

pit fttaDda to day, it is an honor to the art, a fair child of science aoi 



lie attention of every visitor is at once arrested not only by t1 

h of the display iu every branch of the industry of iron and 

I, bat by the skill ami taste shown in the arrangement of the objects. 

r wheels and axles produce little effect wheu tumbled loosely 

a the floor; but if they are grouped in monumental masses, or are 

1 high in the air by light but strong steel bands, they provoke 

t and admiration, even in those who know nothing of their ex- 

r defectft. In all of these buildings devoted to i 
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motallurgy, a liberal and generous spirit, worthy of tbe true miner, i 
sbown in the provision of chairs and tables for the osa of risitors, so 
ttat they may consult books of reference, or take notes at their ease. 
Maps and diagrams on the waits explain the position of the uiine^, tlie 
geology, and tlie mothoil of working thetn. The more important of tbe 
Austrian mines are illustrated by models, allowing the topography, tbe 
surface- construction, and the geological structure of the deposits, while 
by means of machiuery part after part can be liftud off, and the whole 
interior of the mine displayed. The ores are sent in quantity enough 
to form pyramids outside of the buildings, iu addition to the systomatio 
collections within. Iron is shown in all its stages of manufacture, and 
the more direct manufaoturod products, such as rails, tires, girders, boiler- 
plates, &c., are exhibited iii profusion. It is impassible to describe 
Such collections, or to give an atleqnate idea of their value. They are 
complete museums of tbe indu^ry, such as any mining institution in 
the world would be glad to take and preserve intact. 

Austria- Hungary has of late years made great strides in the extent 

of production of iron and steel, and in the quality of the product. The 

importations from England and Germany are considerably lessened, Blid 

tbe exi>ortation8 are iucreasiog. ^ 

I 7. Iron and steel production. — The irou-ores of Austria are priuci- 

^^Ally spathic [the carbonate of iron) and the deposits are very ext«i>- 

^^Hve and easily worked. The celebrated oi'e-mouhtaiu has beds from 20 

^Ro 40 feet thick, containing from 20 to 50 per cent, of iron, and has been 

vorked for a thousand years without any signs of exhaustion. Witb 

aucb ores, and charcoal for fuel, there is no dif^culty in producing a very 

fine qnality of iron and of steel. Brown coal or lignite is largely used, 

and a coke made from turf is the fuel iu some places. In the ditiplay 

made by the State llailwuy Company there is a complete suction of a 

coal-seam 14 feet thick ; so that, in some districts at least, there seems 

to be no sciircity of mineral fuel. In the charcoal-districts the great 

care of the forests by the government prevents their complete cxtioc- 

tion, and with them the dependent iron-furnaces, as would be the case 

ander the reckless policy pursued iu the United States. 

The production of iron-ore in the Austrian Kmpire has steadily in- 
creased from a total of 655,970 tons iu 1307 to l,067,75-'{ tons in 1871. 
To this may be added 432,700 tons for Hungary, giving a graud total 
of 1,482,000 tons, The total product of pig-iron for the same year was 
8,200,000 centners. The production of Bessemer steel is also rapidly 
increasing. 

8. TUK IKON AKD STEEL IITDUSTEY OF THE AUSTRIAN ALl'INE BE- 

—The Iron and steel industries of this part of Austria are found ia 

provinces below tbe river Enns, Styria, Carinlhia, Krain, Tyrol, and 

Ittzbnrg. Xinoteen-twentieths of the ore minod is spathic ore, whicb, 

1 roasted, yields 50 per cent, or more of pig-irtm. The prodnctioQ 

me of the provinces and decreased in 
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be seen by the following tabular statement of the product at three 
decennial periods, with the cost per hundred-weight at the mouths of 
the mines : 



Location of mines. 



Prodaction of iron-ores during the yoar— 



1851. 



Aastria, below river Enns 

StyriA 

CMinthi* 

Kimin 

Tjrol 

Salaborg 

Total 



Ckntntrt. 


Centner*. 


175.150 


19.% 560 


3.221,940 


3,B7«.000 


1,712,490 


2,135,600 


251,930 


350.000 


24tj.&50 


271.560 


308,040 


220,270 



5, 917, 400 



1861. 



1871. 



I. 



7, 048, 990 



Centnen. 
141,380 
7, 537. 330 
3.252,700 
203,160 
176. HJO 
120, 710 



11, 432, 140 



^ > « 

> o ea 04 



KrcuUer. 
32.5 
15.0 
20. a 
37.5 
.16.0 
lti.9 

18.4 



The above table shows that in 1871 the joint produce of the six prov- 
inces was nearly double the amount produced in 1851. During the last 
few years especially this increase has been marked. The reason of this 
lies not only in the increased demand for iron and in the enormous rise 
in its price, but the principal cause is the adoption of mineral fuel in 
the furnaces. The exclusive use of vegetable fuel in the Alpine region 
is the only reason for the non-increase of iron produce in several of the 
provinces and the failure to satisfy the home demand. All regions that 
have adhered to the vegetable fuel labor under the same difficulties. It 
is, therefore, Styria and Carinthia only which show an increased product 
and which supply the increased demand for iron in the above-mentioned 
provinces. 

Styria and Carinthia possess two most im[)ortaut iron-mines — Eisen- 
berg and Hilttenberg.* These two localities, in quality and quantity 
of ores, are equaled by few and surpassed by none of the other Kuroi>ean 
mines. They have already been worked, according to the most au- 
thentic researches, almost two thousand years; and there is ever^' reason 
to believe that the increased demand for iron will not exhaust their 
capacity in a thousand years to come. The raw material of the Erzberg 
is mostly quite accessible, and the quantity is estimated at 2,500,000,001) 
to 3,000,000,000 hundred-weight; that of the Iliittenberg a little less. 

The celebrated Eisenberg, or ore-mountain, is well represented by 
a model, U[>on a scale of one-twentieth, made by Professor Allgayer in 
Leobeu, and exhibited in the building of the Innebergcr Company. 
The ore crops upon the side and summit of the mountain, and forms the 
greater portion of its mass upon one side. The beds of ore are inter- 
stratified with limestone and graincackc overlying black slate, and are 
from 20 to 40 feet thick in the aggregate. A portion, mixed with lime-* 
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itiiel was erectflil by 0. von S«Ue«chea3tuel, m St. StelUn, no;ir Leoboff^ 
^rom year to year tbo statistics bUow au increase iu tbe umnbern, so that 
In Austria, excepting Huogiiry, tbere existed 23 jinddling- works, having 
63 puddling and 3S welding furnaces. In ISjI, there were 11 puddling- 
works, witb lU puddling and 76 welding furuaces, and 121j rolling-milU. 
Tbe total produce of these 41 puddliiig-works amounted, in IS3i, toonlj 
throe quarters of a milliouocutuera raw material, making about IJOto 10ft 
centners per furnaoe per week. Inttneuced by tbe greiit variety and ex- 
pense of tbe fuels, the puddling and welding procossM iu the Aastriao 
Alpine regions have attained a great variety of forma, many improve- 
ments having been introduced to secure the greatest possible economy 
iu fuel. 

In 1842, g.i3-welding furuacea using brown-coal slack as fuel were iu- 
.troduced. The erection of wood-gas puddling- furnaces in lS14-'45, at 
Lippitzbach, iu Carinthla, created quite a sensation by the favorable 
results attained, {3 to 4 cubic feet of wood to 100 pounds puddled iron.] 
Turf-puddling cmumenced in 1342, at BuoUseheiden, in Freudenberg, 
and at Itottcnuianu, and was imitated by several minor works iu Tyrol, 

t Salzburg, and Cartutbia. The step-grate for using the poor brown coal 
of the Alps was introduced in Priivali in 1850. The Swedish g;iS-pad- 
dling furnaces were introduced in Eibiawalde in 1358-'59, the fut-l being 
B mixture of brown coal and wood. 
Siemens furnaces have been intraduced with groat advantage. Thsy 
are in general use for welding, but are only occaaioDally met in pnd- 
dling-worka, for the reason that the exhaust beat of the waste gas is 
used for raisiug steam. The double furnaces are largely iu use in 
Garinthtit, but in Styria tbe single ones are preferred on account of less 
expenditure iu wages, and tbe better quality of the product. Hydraa- 
lio motors have been replaced by steam-power in moat of the puddliag- 
works. Upright aud horizontal boilers are nsed, ranging from 25 to 30 
^—horsepower. The first largo ateam-hammer was erected at Neuberg iu 
^K1S52; it was of the Coudies design, nod gave a 100 haudrod-weigbt 
^Bblow. Thou followed the iuCroduution of several Ntismyth hammers 
^- TFith from 8o to 200 hundred-weight blows. The largest steamhawmer 
of the region was erected in 1865 at Seuberg, the weight of the blow 
being 350 hundred- weight. In 1859 the first hydraulic forge-press was 
erected at the I>onawit>^ works. It has a maximum pressure of 
5,000 hundred-weight. 

In the wire-mannfacture, which is very extensive on account of Uui 
fexcelleuce of the raw niateriul, the factories of St. Egydi, in Uppw 
&,ustria, of FeistritE, in Oarinthi)i, and of Tb<.'rl, in Styria, 8ho<i1il be 
[Dentioneil on acount of tbe quality and quantity of material turned out* 
D?he tin-plate mitunfacture has attained considerable prominuuiM in 
iVollersdorf, in Austria, below the Eno4, and especially in I'a.tibaminw, 
a Styria. The produce of these two factories amounted in 1370 to 
2,280 centners, beinB*23,190 centners of tin-plate, HS,140 centna 
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lilate, atid 2,9iiO centners of zinked iron. Other factories of tbfti 
ilescriptiou liave been erected since then in Liidenberg and Trie-I 



proum 

Arm 1 

carrie 
price 



A unmljeror|>nddIing and rolling works exist in Styria mid Carintbia, 
|>roiliii:in^ nnunulty more tlian 2()[},000 liiuidr»d weight of iron. Most of 
works lire well lilted up and in the hands of companies and asHocia- 
A pleasing fact relative to these works is that all the operatives, 
I the managers and engineers down to the lowest workmen, are 
tives of the provinces, showing thereby that the induatry has taken 
Arm root, and that a successful opposition to foreign trade could be 
carried on if pig-iron can be produced in sufficient quantities and at 
price low enough to compete with the imported. 
Jil. Rott and bar iron. — The direct method of producing bar-ivon from 
9 ores has, till within a short period, been adhered to by several of the 

toor smelting- works in the Alpine countries ; but now they tirst pro- 

duGO the pig-iron, and from this make bar-iron by paddling. 

Bloomariesor forges were formerly numerous thronghout the AlpSf- 
but the increased price of charcoal and the almost esclusive use of it IQ' 
ut-fumaces have considerably reduced the proportion of bar-iroa- 
idnced in this way. The first puddling- furnace in Carinthia 

bed in 1828, and iu 1S51 the ratio of puddling furnaces to blooma- 

I was as 2 to 1. In ISCl tho bloomaries were reduced to one-half, and 

St^'riu iu 1871, out of the formerly legally-licensed 271 bloomaries 

y 100 to 110 remained, producing about 33 per cent, of the bar-iron 

A great number are now totally extinct, and only thoxe fur- 

9 TTorking the Lancashire method, and prodnciug wire and fine tiu- 

are elill existing. A limited nnmber of bloomaries favored by 

(tl fuel will, of course, coulinuo to exist. Sach works are generally 

tiremoved from other furnaces, and are confined to oue or twt 
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19. Steel in the At/iine regionn of A iistrUi. — The siiatliic ores of Austria 

B SO favorable for steel manufacture that they are often named "steel- 

Thi8 adaptation of the ores is the reason that as long as oyten- 

rth sled predominated in the steel-market, the Alpine provinces, 

;, Carinthia, Kraiu, and Tyrol, ranked first in the steel -production. 

y or forty years ago the production of steel in the Alpine provinces 

A.D«liia amounted to 300,000 centners, of which a great part was ex- 

[ to tho East and America via Trieste, and some to Germany, 

X, aatl SwitKerland, leaving to the exporters a handsome prodCi 

I prodnce of these provinces at present hardly ampunts to :fO, 

I, and is steadily decreaaing, owing to the scarcity and cost al 

Wal. Thg first puddled steel was made in Frant^chack, in 1835, byJ 

Mrs. Hehtegel and Miiller, who took out a patent for I heir method* 

But the real production of puddled steel in Austria dates from 183; 

Uie fbnndatioM uf the Eibiswald and Neuberg works. This method is 

lately in use at the present lime, and, by its cheapness, has driven the 
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oiteu-bearth steel almost eutirely from tbe market. Puddleil steeTte- 
present refined to all the different kinds of steel { Brescian, Gerli, Bcjrthe, 
and damask steel) formerly produi!i?d from open Uuartb st^el. Tlie pro 
duction of tires nnd railrondiioa increased tbe innku of paddled 8t«e] 
but tbo Bessemer and Martin procL>sHes btive uow superseiled it. Th< 
largest 8te*>l-i)addliiig works are tbose of Stroitben. Tbe iutrodaccloi 
of puddled steel has largely increased tbesteel-produetiou of Austria 
bntnotin tbe same ratio as ia otlier eoniitries, especially in Germany 
The immense advantage i>ossessed by Austria in the excellouoe of h« 
ran* material, so well suited for sLeel-prodnelion, is more than balnQoei 
by the cheapness of labor and fuel of bor German competitors, espeol 
ally the Weatphalian maiiufaeturtra. It is only tbe decided superiorit; 
of the steel which gives tbe Carintbian product a hold npou the martt« 
against the much cheaper Westphalian puddled steel, 

Cement steel. — The demand for a suitable steel for springs of raS 
road carriages, for which the cement-steel is besta^lapted and cheapest 
stimulated tbe ei-ectiou of works of this description in Bibiswald, tan 
soon alter in Donawitz, near Leoben. Tbe results were satisfactorj 
Tbe aunual prodnctiou of Douawitz amounts to 25,000 ceutners spnuj 
and saw blades. Bat in proportion to the uso of puddled steel, that 
cement steel is very limited. 

Tbe glvhtitahl (welded steel) is a similar product, which is now made 
Douawit/.. This steel was exhibited in London in 1S51, and again i! 
Munich in 1854,* by F. Lobmann, of Witten, Westphalia. 

Since 1854 there has been an annual produce of 5,000 to fi.UOO centnc 
of this variety iu Douawitz, A cement-fnmaee for tbe mniiufactape 
welded steel was erected in 1S71 iu Ecicbraraing. 

13. CaHliiteel. — The manufacture of crucible wist steel has long bcej 
established in (he Alpine provinces ; but as the old English method « 
maunfactnre, by draught-furnaces, reijuired an immense quantity of obal 
coal, often as much as 50 cubic feet per centner of steel, tbe prodactiv 
baa naturally been kept down. In 1851 the total production of 
steel in Anstria amounted to a liltle more than S,(H>0 centners. Ik 
mense progress was effected in 1858 by introducing the Siemens ftt] 
naccs in Rapfenberg. These works commenced with furnaces of S cmcl 
bles, each holding a charge of 45 pounds, and using 400 pounds Leobei 
brown-coal slack per 100 pounds steel. At present (1S7S) there are 1 
Siemens furnaces of IStol^O crucibles in use. The charge is still 'J 
pounds to each crucible, but the consumption of fuel is reduced to 9 
pounds browu-coal slack. The annual production of these works 
30,000 centners. This steel, mostly sol^- tempered, is uiwd for gtin-bl 
rels, and is partly exported to Germany. It is no longer a secret tb 
the raw material used to produce crucible steel is regulated accordln 

• Diimriliud by Tctor ^ 
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to the degree of hardoess of the steel required. It consists in mixing 
bar and spiegel iron, (ferro-manganese.) 

The inventor of this method is Alvis Obersteiner of Marau.* He 
has ased this mixtnre in Aastria as far back as the year 1825, and re- 
ceived a patent for it. From the small, animportant iron- works of Ma- 
ran it was transported to Westphalia, and from thence to Essen, form- 
ing the basis of Mr. Krupp's immense success and giant works. 

A specialty of the Austrian cast steel is the " silver-steel" of Mr. Mailer's 
works in St. Egydy, widely known, likewise, for the production of 
steel strings for pianofortes. 

The manufacture of Wolfram steel has been everywhere abandoned, 
on account of the easy oxidation of the Wolfram. 

The whole production of crucible cast steel in 1871, in Austria, 
amounted to 85,000 centners, from 18 different smeltingworks, 
and has, therefore, been augmented tenfold in the last twenty years. 
This increase would have been still greater but for the Bessemer-steel 
production. 

14. Bessemer steel, — The first Bessemer-steel in Austria, and (except a 
few unimportant trials made in several places) tbe first of the continent, 
was produced in 1862, at Turrack, in Styria. Other works soon followed 
in Heft, in Carinthia, in 1804. In 1865 the works of Neuberg were 
opened. Tbe production of the existing Bessemer works in the south- 
ern portion of the Alpine provinces is shown by the annexed table : 



Production of Bessemer steel in Austria, 



Xamv of Bossemor work. 



Styria: 

Torrack 

Nooberg 

Graf 

Z«ltweg, (since 1871 in oim)) 

Carintbia: 

Heft 

Aastria below the Ennn : 

C Sinoo Jnly 1 . . . 

Ternitz ^ Middle of 1871 

( Middle of 1872 



o S 

I" 



3 
3 
2 
2 



Annual prodnctiou. 



1869. 



Chct, 
9,270 
62,250 
63,325 



1870. 



Total. 



3 >J 

4 J IOC. 

6 .5 



24.551 
284 



365, 6tK) 



Owt 
12.153 
7{».508 
77,563 



15.276 
178, 985 



363,575 



1871. 



(hot 
22,>100 
105.230 
91. 5:w 
30,000 

62, 051 



386,806 



"So® w 



» 



OB P«C^ 



Percentaire of 
net proditce. 



Total 



Cwt 
50,000 
120,000 



250,000 
100,000 

720,000 



90.1 
89.0 
85.5 



89.7 



Clean 
ingotH. 



83.5 
ct7.0 
1*4. 5 



84.0 

88.4 



698,515 1,240,000 



To be added to this is tbe production of Beschitza, in Hungary, in 
I87I9 125,000 centners, and Witkowitz, in Moravia, Qo^b(y(y centners, 
which gives for the total prodnce of 1871, 889,231 centners. It is much 
in favor of the Bessemer method that the production of puddled steel in 
Aastria and Hungary from 182G to 1851 (twenty-five years) amounted 
annually only to about three-quarters of a million centners, while the pro- 
duct of Bessemer steel in eight years attained the annual figure of 889,231 
centners. This is still more strikingly shown by the statistics of Styria, 

* See VordernlMirger Jalirbucb. 2 b;&ud. Graz, 1843. 
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TChidi i^bow tbat Ibe produce of iiuddled steel in 1S51 anionntcd K 
about "00,000 centners, wbile the Bessemer product in 1871 reacbed 
250,000 centners, Bud may lie calcnlated for 1873 at 400,000 centners, 
The cbarge in the diR'ereiit Bessemer works varies between 100 and 5(1 
centners, and the average charge may be put down at 70 centners, 

15. Martinstiel. — TbeiuHnufactureof Martin steel was commenced ia 
1867, in Kapfenborg, under the direct superiotendenee of Mr. Martia. 
who made the drawings for the furnaces, and supplied the workmett 
This trial showed that the resulting steel was better in quality than the 
crucible cast steel, and tbat it cost less. lu 1869 immense works weri 
erected in Florisdorf, near Vienna, by Messrs. Barber & Klusemann, th4 
patentees for Anstria. These works contained 5 smelting and 3 welding 
furnaces, with 32 distant and 4 close gas-generators, and likewise with 
11 Siemens furnaces. Martiu's process is also used in Grafz and Neu- 
berg. The charges average about 60 cenlners, consietiug of ^5 per cent 
gray pig-iron, 70 per cent, bar-iron and steel scraps, and 5 per oetiti 
Spiegel iron and waste. The consumption of fuel is SO t^ 100 poandi 
coal, or 140 to IGO pounds of brown coal, per centner of steel. The pro 
dnce of the Martin*s works of Uratz, in 1871, was as follows: Charge! 
of iron, 3,205,285 centuers, which produced 3,019,774 centners of steel, 
with a waste of o2,5lo centners. The pure steel produced amoantodi 
therefore, to 94,21 per cent., the waste to 5.79 per cent. The Martin 
works, in Neuberg, produced in 1871 14,368 centners of steel ingotA 
with a loss in raw material of 9.8 per cent, and a waste of 1.7 per cent 

16. Extent of the iron-industkt in Bohemia, Moravia, am 
Silesia. — Iron-mining iu Bohemia dates back in the remote past beyOQJ 
the records of history. It is mentioned in lays and traditions ae earl] 
as 677 years before Christ, and the historian Hajeck locates these earlj 
workx in the vicinity of Caslaw. Many of the names of Bohemian towai 
arc derived from the ancient mining localities. Iron-smelting was foe 
merly carried on by Bohemian proprietors to ntitize the otherwise valaoi 
less tracts of timber covering the country ; but the far-spreading exten 
sions of railroads have recently given so high a value to huildiag-tin' 
Iter that iron-smelting works are forced to employ a cheaper tad. 
Moravia was in advance of Bohemia in changing from charonal to I 
mixture of wood and coke. Although the veins of brown coal in Bohe 
inia are almost ineshaustible, there is still an acknowledged want of suit 
able coals for smelting purposes. There soon (1872-73) will he thirteei 
furnaces using coke iu full working order in Bohemia. They will OOB 
sume at the minimum calculation 5,090,01)9 centners of coke to produM 
the same effect as 12,500,000 centners of coal. The coals of Sehndowlti 
are the most suitable for smelting purposes. The Miroschan coals, m 
acoountof their brittlenuss, are neither suitable nor prolitable for use il 
furnaces. Under these circumstances, the iron-worlis in Bohemia tiMOf 
coke will always have to rely upon a foreign supply of fuel. The Mom 
TiiB iron-works are differently situated. The oonl-flelds of Ostran ipgUBl 
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an ample supply of ooke-prodaoing coal ; bnt rich iron-ore veins are 
scarce. The difficulties in the rapid development of smelting- works 
DsiDg coke in Bohemia, Moravia, and Silesia are very formidable, but 
tbe iron-masters are determined to overcome them and to maintain the 
eoccess of the iron-indastry. 

IT, Iro»-ore Minina. — lu the year 1S07 there existed in Bohemia 4G 
fiunaces in full working order, prodmting 1,010 hundred weight of iron 
in tventy-fonr hoara. 

The following table shows the amount of iron-ores produced during 
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Ont of these 73 irou-works, 2 did not yield any profits and 15 sus- 
pended operations. Their joint production of iron-ores amoanted to 40 
per cent, of the entire produce of Austria. 

About the year 1865, the product increased iu Bohemia 2,184,480 
oentuers, and iu Moravia to 381,379 centners, but dimiuished in Bilesia 
06,077 centners, showing a total increase of 2,498,838 centners in the 
three countries. Sixty per cent, of the iron-ore comes from the Silurian 
districts, and the amount carried out of Bohemia forms 90 per cent, of 
the entire produce of that conntry. The principal proprietors of tlie 
irou-miues are the " Prffiger Eisenindustrie Gesellschaft," the Lobrow 
estate, the elector of Hesse-Oassel, the Prince Colloredo Metteniich, 
and Prince Fnrsteuberg and the State of Pilsen. The greatest mines 
are those of Nucier. The Gbamoisit mines are worked by tlie aforesaid 
company, and the pro4luet is taken through horizontal tunnels to the 
Nocier Railroad. Below the level of the tunnels the transportation of 
the ore is difBcuIt and ex[>eQsive. The red-iron^toue mines are com- 
prised in two divisions. The eastern one embraces the Karabina Mount- 
ains, and the veins of Swarover on the left bank of the Kacier brook. 
The western division is formed by the mines of Jezovcin Chrbina, on the 
right bank of the little river Baciba. The eastern division is known 
nnder the name of Snarow works, the western as Chrbina mines. Iu 
Snarow the veins are perpendicular, in Chrbina they lire horizontal. 
The average coMt-price in the two principal works is as follows : Chrua- 
tenic, 1 hundred- weight of iron-ore, 15^ to 17 kreutzer; Kmbulov, 1 hun- 
dred-weight of iron-ore, 22J to 23i krwitzer. The total produce of iron, 
ore from the mines of the Elector of Hesse-Casael, in the year 1870, 
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amoanted to 371,1^0 hundred- weight, and the average cost per ban- 
dred-weight amounted to 10.9 kreutzer. All the iron-mines of Bohe- 
mia are worked on the most approved scientific principles. In minor 
works the water is taken out either by windlass or by bucket, but in 
the more important ones pumps are employed, moved either by steam 
or water power. In Moravia, in most cases, the mines are a long dis- 
tance from the smelting- works, and often the transportation is difficult 
and insufficient. The cost-price of the product therefore varies con- 
siderably. In a total production of 9,473,374 hundred-weight the 
price, at the mouth of the pit, ranges from 7^ to 10 kreutzer (minimum) to 
18 to 19 kreutzer, (maximum.) The transportation to the smelting- 
works increases these prices from a minimum of 19 up to 65 kreutzer. 

The ores of Silesia are mostly magnetic, red, brown, and spathic iron- 
stones, and specular iron, yielding 23 to 27 per cent. The large iron- 
works of the Archduke Albrecht of Austria cover a surface of 1,229,312 
square klafters, and their produce in the year 1871 amounted to 188,730 
centners. The average cost-price amounted to 37 kreutzer per centner. 
Some of the ores were very poor, containing only 18 to 24 per cent, of 
iron. 

18. Production of pig4ron, — The following table gives the quantity of 
pig-iron produced in the three coifntries during the year 1870 : 



Country. 



Bohemia 
Moravia. 
Silesia... 



Total. 



Raw iron. 



Bloom. 



Centners.* 

953.433 

410.611 

65,910 



1. 429. 954 



Cast. 



Centners. 

320,476 

186,221 

51,974 



558,671 



Total. 



Centners. 

1,373,920 
596,833 
117,885 



1. 988, 637 



Noinbor of famaces. 



Not work- 
ing. 



12 



13 



Working. 



40 
31 

6 



67 



Total. 



52 
81 

7 



80 



Working 
weeks. 



Nun^ber, 
1,717 
874 
383 



3,894 



* Or one haudred- weight. 

The production of pig-iron was, until the year 183H, effected through- 
out tlie whole of Bohemia by means of charcoal- furnaces. From this 
period the use of coal-fuel commenced, and a constant changing of old 
furnaces and adding of new ones has been going on ever since. 

The cost of producing 100 pounds of pig-iron in the Silurian districts 

may be stated as follows : 

Fl. Kr. 

330 pounds of ore, at 20 kreutzer 66 

45 pounds of limestone ^ 

16 cubic feet of charcoal, at 15 kreutzer 2 40 

Wages 20 

General working-expenses 25 



Total 3 53 

The steady advance in the prices of charcoal will, in the future, in- 
crease the cost of the raw material. 
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19. Faunderies. — ^In Bohemia, casting is generally done directly from 
the famaces, and the largest portion is common commercial castings. 
The most important foundery of Bohemia is that of Kladno, which pro- 
daoes the most complicated and heaviest machinery-castings. The 
fbaoderies of Moravia are almost entirely employed in machinery-cast- 
ing. Several works use cupolas with hot-blast. The most important 
ibondery, that of Blansko, turns out annually 150,000 centners of cast- 
ings. 

The Silesian founderies are on the same principle as the Moravian, 
and their annual produce is about 60,000 hundred-weight of castings. 
'Die founderies of Adamsthal work up annually 46,000 hundred- weight of 
raw material, consuming fuel as follows : Coke, 18,000 hundred- weight 
eoal, (Ostran,) 12,000 hundred- weight; charcoal, 24,000 cubic feet. 

20. Bolling'icarJcs. — (1.) The works of the Prceger Eisenindtistrie 
OeseUschaft, These works are in Kladno, Xiirschau, Wilkischen, and 
Josephihiitte. The annual production is 700,000 centners. 

(2.) Baron von Eothschilds's works at Witkowitz. The produce, 
mostly railro£^-iron, tires and axles, sheet-iron and commercial iron, is 
400,000 centners per annum. 

(3.) The works of Archduke Albrecht at Karlshutte and" Ustron 
produce 320,000 centners per annum. 

(4.) Boiling-works of Prince Furstenberg in Althiitten, near Beraun 
and Bras, Eostok, in Silesia, and Purgletz, in Bohemia, with a joint pro- 
duce of 290,000 centners per annum. 

(5.) Iron- works of the Klein Brothers in Toptan and Stefanau, produc- 
ing 200,000 centners annually of beams, girders, boiler-iron, and steel. 

(6.) The white-iron works of Xeudeck produce 80,000 centners per 
annum. 

(7.) Mr. Bondy's works at Bubna, near Prague, produce 70,000 hun- 
dred-weight per annum. 

(8.) Count Harrach's establishments. The production amounts to 
28,000 centners of tin-plate, 18,000 centners of drawn wire and light bar- 
iron. 

(9.) Two works of an unimportant character are in process of erection 
atKomotan and Leibnitz. Besides these large establishments, there 
are several smaller ones. 

21. Bloomaries and puddling icorlcH. — The manufacture of wrought iron 
was, up to the year 1865, an important branch of the Bohemian iron- 
industry, and there were then in oiMiration 110 bloomaries and 28 
bliist-furnaces, producing more than 250,000 hundred-weight per an- 
num. The production of Moravia failed to come up to this stand- 
ard, and in 1865 it amounted to 120,000 hundred-weight. Silesia, 
with 28 bloomaries and 10 blast-furnaces, produced about 50,0(M) hun- 
dred-weight, so that the total production of the throe countri<»s dur- 
ing the year 1865 aniounte<l to 420,000 hundred-weight. But since 
this ])eri04i most of the Bohemian bloom<iries ceased to work, and 
in 1870 only a few wore in active operation, and these worked only 
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to atilize the reinuants and scrap-iron of thoir fouuderies and roll- 
ing-mills. Most o( the charcoiU-furnaces possessed two to four bloom- 
uries, which partly refined the pig-iron but never converted it into 
wrought iron. At the present time only those bloom aries are of any 
importance which produce r.iw material for rolling-mills, especially if 
the object is to produce a good quality of iron from scraps and remnants. 
In the year 1871 there were 116 puddling-furnaces in Bohemia, and 70 in 
Moravia and Silesia, making a total of 186 puddling-furnaces. The pig- 
iron produced in Bohemia, Moravia, and Silesia, and the remnants and 
scraps of rolling-mills, do not satisfy the demand of the puddling-works 
for raw material, so that over 2,500,000 hundred-weight of pig-iron is 
annually imported. In all the new works each furnace is supplied \vith 
a separate chimney. Double furnaces are only employed for the mana- 
facture of inferior kinds of iron, the 'Moupes'' are compressed by 
steam-hammers on the Nasmith principle. The works are fitted up with 
two pairs of rollers, but those erected during the last five years have 
generally tljree rollers placed one above the other. 

The producing capacity and the consumption of material diiter vastly 
on account of the different kinds of coal employed. The annexed table 
shows the results, employing Ostran coals, in the manufacture of an 
average quality of iron per 100 pounds rails : 

Consumption of pig-iron : single furnace, 114 pounds ; double furnace, 
114 pounds. Consumption of coal : single furnace, 135 pounds ; double 
furnace, 95 pounds. Weekly capacity of production : single furnace, 
270 hundred-weight ; double furnace, 400 hundred-weight. 

22. Development of ibon-industry in Carinthia. — Among the 
many interesting special publications to accompany the exhibits at 
Vienn«i, the memoir of Friedrich Miinichsdorfer upon the production 
of iron in Carinthia* is deserving of special mention. Besides a gen- 
eral history of the development of the iron-industry since the time of 
King Otto in the year 953, it gives an account of the prices of iron dar- 
ing the century,, a tabular statemeni; of the production for the last fifty 
years, and a cumparison of existing furnaces with those of the begin- 
ning of this century, as respects form, capacity, extent, and economy of 
production. This comparison is rendered striking and instructive by a 
series of vertical sections of the furnaces at different periods, drawn to 
the same scale, presenting a complete view of the gradual development ' 
of furnaces, from the simplest form in early times to the modern furnace, 
with its comparatively enormons product. 

During the construction of a railway a few years since, some ancieuti 
smelting-hearths, dating back to the time of the liomans, were n^^' 
covered. Tbcy consist of holes or ditches depressed below the 
fa^'c of the ground and lined with fire-clay and quartz to a thickness 
some 18 inches. 



* GcHchicbtlicbe Entwickliinj? dcr Kobeiseu-Produktiou in Kiirnteu, zu^alunB^ 
goatellt von Friedrich Miinichsdorfer, Oberbergverwalter in HUttenberg. KlageiifU 
1^73. Pp. 36, iunl 14 jdates. 
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Blast-farDaces from 5 to 6 feet high were introdaced in the eighth 
oeotarj. They were so placed as to have a natural draught or blast. 
The *^ wolf " fdrnaces had a rectangular base of 4 or 5 feet, and a heiglit 
of from 6 to 8 feet. A furnace of this kind at Soiling, in 1775, was 
elliptical in section and 12 feet high. The iron bloom was removed 
from the front. 

23. Sbctions of CABINTHIAN FURNACES.— The sectious which fol- 
low show the constantly-increasing dimensions of the furnaces and the 
eeoDomy of production. In the following descriptions of the Garinthiau 
ftrnaces the numbers of the notes at the foot refer as below : 

1. Kind and mixture of ore. 

2. Blast 

3. Tuyefes. 

4. Average production in twenty-four hours. 

5. Consumption of coal per Vienna centner of pig-iron in cubic feet. 

6. Per cent, of production. 

The name of the furnace and the date are placed at the head. 



EBEMSBBUOKEN. 
Last campaign, 1833. 
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^ Bfunrn iron-ore and ocber. 



/7" 

Fig. 1. 

4. €2 VieDD* eeotucni. 

5. '2f)/i coUtc Usei. 
' & 96 per eeot. 
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Fig. 2. 

1. Brown Iron-ore and ocber. 
'2. Four box-bellons. 

3. Two tnjeres. 

4. 95 yieona aentnen. 
6.S3Jiaiiblofeet. 

6. 38pero«iit. 



Fio.3. 

1. Brown iron-ore and ocber. 

2. Three cylinders. 

3. Three toyeres. 

4. lie Vienna CI 
6. leonbiofeet. 
6. 37 per cent. 



CAEINTHIAN FUBNACB8. 



RABEHTBEIN. 
Lut campaign, 1663. 



DEUTSCH-PONTAPEL. 
Last campaign, 1847. 




FlO. 4. 

1. Uagnetle iron-ore. 

2. Two boz-bellowa. 
. One. 

4. 3& Vieuna ceDtnera. 

5. 30^ cabic feet. 

6. 30 per cent. 



Fia. 6. 

1. Red and brown Iron-are. 
'J. Tbrce watoT-atromotela. 

3. One. 

4. 45 Vienna centners. 
fi. S.'i.n cable feet. 

6. 4G per cent. 
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ST. SALVATOB. 
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Fig. 6. 

1. Brown iron-ore and spathio ore. 

2. Two box-bellows. 

3. One. 

4. 71 Vienna centners. 

5. 18.6 cnbio feet. 

6. 40 per cent. 



Fio.7. 

1. Brown iron-ore. 

2. Three box-beliowa. 

3. Two. 

4. 120 Vienna centners. 

5. 16 cubic feet. 

6. 40 per cent. 
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HIST. 
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^! 
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1872 



So 






<M 






JlS. 





FiQ*. 8. 

1. Brown ore and spathic ore. 

2. Two box-bellows. 

3. One. 

4. 59 Vienna centners. 

5. 16.7 cnbio feet. 

6. 36 per cent. 



Fio. 9. 

1. Brown ore and spathic ore. 

2. Cylinders. 

3. Two. 

4. 130 Vienna centners. 

5. 12 cubic feet. 

6. 46 per cent. 
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4. T5 Tienna cenbMn. 
8. li» onbko faet 
a. StpcroHiL 
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FEISTEITZ. 
Last campaign, 1834. 
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Fig. 12. 



1. Brown and spathic ore. 

2. Two "Bpitzbalge.'* 

3. One. 



4. 80 Vienna centners. 

5. 10.3 cubic feet. 

6. 45 per cent. 
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TBEIBAOH. 
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Fio. 13; 

1. Brown ore and spathic. 

2. Four box-bellows. 

3. Three. 

4. 160 Vienna centners. 

5. 12.2 cubic feet. 

6. 46 per cent. 



Fig. 14. 

1. 91 per cent, of brown ore and 9 per 

cent, of spathic ore. 

2. Four cylinders. 

3. Three. 

4. 278 Vienna centners. 

5. 10.48 cnbic feet. 

6. 46 per cent. 
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1872. 



f— . 



3P 



// 



^1^ 



|; 



\ I 



W 



CO 






O-K- 



: ^ 



i t 



52 



'7£—^ 





1. 91 per ^^^'^^ <«3 "ttd 9 per cent upathic 1. 91 per cent »f brown ore an,! 9 per cent, npalhic 

4 447 Vii««i -SrSl"- K^i^ ''^' 2. Kl^hl cyllmWu. 3 Five. 4. 4-^.» 

« 47 P« Sit ^^^""^ *• ^-^^ *'"^»*^ f*^^' Vienua cenlnera. 5. 8:19 cubic fcH-t. «. 46 peJ 
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UBTL. 
Last campaign, 1834. 



f8ff8 






.2/ 
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U/<C 



KOMPAGNTB HtJTTB. 
Last campaign, 1812. 
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Fig. 17. 

1. Brown ore and spathic ore. 

2. Two box-lieilows. 

3. One. 

4. 71 Vienna centners. 
.5. 21.7 cnbic feet. 

1). IW per ceiif. 



Fig. 18. 

1. Brown ore and spathic ore. 

2. "Schnbalge." 

3. One. 

4. 61 Vienna centners. 

5. 21.1 cubic feet. 
C). 48 per cent. 
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HEFT. 
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Fia. 19. 
1. Brown orv and upatlilo ore. 
3. Two box-belUiwH. 

3. One 

4. 99 Vienna c«ntuera. 

5. 13.7 cubic tt^X. 
It. 90 per cent. 



O-T- 



^''^ 



r/' 





20. 



Flrt. 



1 Brown oro nnd upathlc ore. I. Bn>wn oro ami Hpatl.ic on- 

i r«aro«iUMting.V«ur fixed, and 2. Four oHcillatina. four fix. d. hi... 



two borizontui cylindfre. 

3. Five. 

4. 995 ViGnoa centnera. 

5. 9.87 coble feet. 
0. SO per cent. 



3. 
4. 
5. 
6. 



two b«»riw>ntal cylindiTn. 
Fivf. 

264 Vi»«nna centners. 
».5p cnbic ffet. 
51 per cent. 
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MOSINZ. 



/B72 



'2S^^ 





^Jtyr_ 




Fig. 22. 



Fig. 23. 



1. Brown ore and spathic iron-ore. 

2. Two bo x-bel lovers. 
X One. 

4. 90 Vienna centners. 

5. 14.1 cubic feet. 

6. 52 per cent 
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Fio. 24. 

Brown iron^re i, and spathic ore ♦. 

Two "spitzbalge." 

One. 

53 Vienna centners. 
16.8 cabio feet. 
M) per cent. 
3 I 



JlJ 



'42'-'-^ 




Fio. 25. 

1. Brown ore \, and spathic ore i. 

2. Two oscillating and two fixed cylinders . 

3. Three. 

4. 286 Vienna centners. 

5. 9.88 cubic feet, 

6. 47 per cent. 
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Fig. 26. 

1. Brown ore and spathic ore. 

2. Two box-bellows. 

3. One. 

4. 68 Vienna centners. 

5. 11.8 cubio feet. 

6. 50 per cent. 



Fig. 27. 

1. Brown ore 85 per cent., and 15 per c* 
Bi)atbic ore. 

2. Two fixed, two oscillating, and tiirob 
izontal cylinders. 

3. Three. 

4. 293 Vienna centners. 

5. 9.13 cubic feet. 

6. 50 per cent. 



CARINTHIAN PUBNACES. 
1872. 




Eir9£N£ 



Fio. 88. FlQ.39. 

I. Browninm-DreeSpereeut.BpfttbiciioD-I. Brown iroD-ore 85 per oeot., spathic iron- 
ore 15 per cent. ore 15 per cent, 
a. Two filed, four oscillating, and two lior- 2. Two fiieri, four oecillatiaK. and two bor- 



&. K3& rnbic feet. 
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HUmiSOH-KAPPEL. 
Loit eftmpaign, 1823. 
/BOB 



n 



m 






it, 














3A-' 






O 


FiO. 30. 




PlO. 31. 


1. Red iron-ore, (hematite.) 


1 


JVwc&HAiaci*. 


2. Two bos-bellowa. 


2 


One oscillating, one Oxed OjUndar 


3. One tuyere. 


3 


One tnyere. 


4. 35 Vienna centners. 


4 


50 Vienna ceotuers. 


5. 25 CDbio feet. 


5 


12 cabio feet. 


6. 36 per cent 


6 


58 per cent 







CABINTHIAN PUHNACE8. 



WALDENSTEIN. 



Fro. 39. 
Brown ore |, ipatbio ore 
Two box-bellowa. 
One tDjere. 
36 Vieim* oentntn. 
96.2 onbio foot 
30 per oont. 



Fig. 3: 
1. Sp«CDlaTore,browDoi 
3, Three •' muikltr." 

3. Three. 

4. 115 Vienna ci 
I). 11 enbic feet. 
6. 45 per cent. 



38 



VIENNA INTERNATIONAL EXHIBITION, IBIli 



/BOS 




20" 



"~1 



^: 



>v 



ST. GEBTBAND. 
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Fig. :w. 

1. Brown in>n-«ro ?, and Hptitliio iroii-on^ ^ 

2. Two box-bollowM. 

3. Ono tnyrn*. 

4. r>7 Vionna coiitnorH. 

5. 174 cubic fcot. 

6. 3i> per cent. 



Fro. a'S. 

I. Bmwn iron-«>rrt ami 8pathio iron-ore. 
a. TliriH.1 cylinders. 

3. Three tnyen»H. 

4. 1*20 Vienna centners. 
.'». 12.r> cubic ftHit. 

<>. 41.r» jH»r cent. 
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ST. LEONARD. 
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Fio. 36. 

. Brown iron-ore f , and spftthio iron-ore i. 

. Two box-bellow8. 

*. One tuyere. 

. 53 Yienna centners. 

. 18 oabio feet. 

. 45 per cent 



FiQ. 37. 

1. Brown iron-ore f, and spathic iron-ore i. 

2. Two cylinders. 

3. Three tnyeres. 

4. 132 Vienna centners. 

5. 10.4 cubic feet. 

6. 42 per cent. 



40 



VIENNA INTBBNATIONAL EXHIBITION, 1878. 



FBBVAIX 
ii 

A 



^ 



/4-' 



I 




^ 



8 



If 



Fio. 36. 

1. Spathic iron-ore. 

2. Two cylinders. 

3. Six tuyeres. 

4. 601 Vienna centnei 

5. 150 pounds coke. 

6. 84 per cent. 
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ENSIONS OF BLAST-FURNACES. — From data obtained at the 
, a writer in JEngineering gives a very interesting tabular ex- 
e sizes and yield of some of the principal blast-farnaces in 



Principal dimensions of blast-furnaces in various parts of Europe.* 



f famace. 



ection. 

ooke-far- 

coke-fur- 

B55, coke- 

865, coke- 

372, coke- 

imace 

itte, 1861, 

imaco 

[oravia, ) 

Ilia, 1872 .. 
jal, 1799 . . 
oal. 1829 . . 
charcoal, 

:ary, char- 

^arinthia, 

i^ariuthia, 

charcoal, 

al, Styria 
Sweden . . 
eden 






•^ 5 



3 

8 
3 

7 

8 

3 
3 

3 

7 
6 



Diameter between. 



Tuy. 
eres. 



2 
2 

4 

3 
3 
2 



^ry. 



3 
2 

2 



Meters. 
15.58 

13.7 

14.4 

14.8 

13.5 

16.8 
IS 

14.1 

1&73 

16.96 
11.18 
13.14 
12.11 

13.3 

11.2 

9.98 

a 79 

13.27 
13.06 
12.76 
11.^7 
9.28 



Meters. 
.94 

2.56 

1.07 

2.5 

2.67 

1.4 
1.1 

1 

2.24 

1.93 
.90 
.63 
.76 

1 

1.16 

.85 

.63 

1.89 

1.36 

1.17 

.94 

.72 



Boflhea. 



Meters. 

4.7 

5.34 

4.7 

4.7 

5.65 

5 
4.1 

3.96 

5.44 

4.68 
3.45 
3.14 
3.22 

2.85 

2.56 

2.56 

2.05 

2.26 
2.82 
2.67 
2.37 
2.56 



Top. 



Meters. 
1.88 

4 

2.2 

3.14 

3.77 

3 
2.51 

2 
5 3.2 
X 4.8 

2.e8 
.96 

1.36 

1.25 

2.02 

1.11 

.95 

.62 

.79 
l.f78 
1.45 
1.39 

.85 



o ^ 



Cuine 

meters. 

117.58 

230.7 

13a 1 

204 

231.6 

15a 7 



} 



40.31 
48.14 
46.9 

56.5 






Tone. 
56.25 

250 



175 



112 



240 
13.7 
25 



Remarkt. 



Open breaat. 

Closed hearth and 
top. 



Open hearth. 
Closed hearth. 






100 

46 

39 

17.5 

161 
67.5 
31 
24 



Open hearth. 
Da 
Da 



Charcoal-furnaoe. 

Da 
Open hearth. 



Charcoal-furnaoe. 

Do. 

Do. 
Charcoal. 



* EngineerinK, August 8, 1873, firom the Vienna Exhibition. 
MS ASSUMED BY FURNACES AFTER LONG WORKING.— In COn- 

>h this table of tlie principal dimensions of blast-furnaces, it 
tractive to compare the dimensions which furnaces assume 
ng for a long time. Engineering justly observes: 
ible gives good evidence that no general rules have, up to the 
le, been deduced for the best form of blast-furnaces under 
ditions, as not even those furnaces which are in close vicinity 
her, and which are worked under similar conditions, have 
with coirespondiug dimensions. 

et will be understood easily enough when we say that only 
I designs for the construction of a blast-furnace to be erected 
I place happen to be brought to the knowledge of nietallurgi- 
rs ; but never, or very seldom only, are the results and expe- 
ed in working this furnace brought before the public. This 
neral rules becomes the more striking when we find that na- 
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tiire itself baa made the best engineer and draughtsman in this case, 
and that we only want to keep our eyes open to its teachings. Ambi- 
tion and selfishness alone can have kept us so long from acknowledging 
these facts. 

^' It is cleap that the best form of blast furnaces will be that which, all 
other circumstances beinij equal, will work with the greatest economy 
of fuel and with the least deterioration of the funiiice-lining. Now, in- 
stead of engaging ourselves with extended speculation about the mode 
of finding out the best form of furnaces, it would prove to be mach 
wiser to look at the inside of such furnaces after they have worked ef- 
fectively for some time. It is by no means a rare fact that blast- 
furnaces give the best working results a very short time before they are 
obliged to be put out of use on account of the general wear and tear of 
the lining. 

^^ In all such cases the furnace itself, at the end qf a campaign, will 
give valuable hints as to the form best adapted for the particular cir- 
cumstances. But instead of learning, by close inspection, the wants of 
nature, in most cases we rebuild the furnace according to the original 
type, quite irrespective of the conclusions which may be drawn from the 
excessive deterioration of some parts of the interior. 

^' It is more than probable that the comparison of a series of snch 
%€lf formed sections of blast-furnaces at the end of their campaigns will 
afford us means of deducing certain formuhe for the determination of 
the most effective form of coke or charcoal blast-furnaces, with due ref- 
erence to the different circumstances under which they may work. Bnt 
to arrive at such a desirable result, it is necessary before all that the 
different ironmasters and metallurgical engineers should aid the under- 
taking, by publishing the results obtained with furnaces of certain con- 
struction, and at the end of each campaign give a coini)lete section 
showing the wear and tear of the lining. We believe it to be of the 
highest interest to all connected with the iron-trade that such knowl- 
edge should be largely diffused among the iron-works proprietors and 
metallurgical engineers." 

Accordingly, Engineerim/ presents sections obtained from drawings 
at Vienna of a charcoal blast- furnace, exhibiting in a striking mannei 
the modification of the form of the interior after a campaign of flv< 
years' duration. These drawings are here reproduced. They represen 
one of a set of three furnaces at Mariazell, in Styria, working calcinC' 
spathic ores containing 12 per cent, of iron. It was lined with brict 
and the crucible was built of sandstone. The broken lines in the vert 
cal and horizontal sections show the ultimate sliape assumed. 

The furnace was working well when stopped on account only of tl 
falling of part of the brick lining. 

There is a striking similarity between these sections, the r^nlt ^ 
wear, and the form considered in some parts of Styria as the best fc 
smelting spathic ores. Take, for example, a section of a charcoal blaai 
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Fig. 42. — Vertical section of Styrifto faruace. 
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furnace <at Hieftau, near Eisenerz. It is nearl}' tbe same as the altimate 
section of the Mariazell faruace. 

In fnrtber illustration and confirmation of this tendency to assume a 
form corresponding closely to the shape and proportions believed to be 
the best in Sfyria, sections of another of the three Mariazell charcoal- 
furnaces are shown. These are contributed by J. Stummer-Tramifels, 
of Vienna, to Enginee^'ing^ in corroboration of the views expressed, 
and are also very instructive. This furnace was also working in a sat- 
isfactory manner up to the time of the stoppage of the blast for the 
purpose of putting in a new lining. It had been in blast continuously 
for three years, and produced good iron with economy of fuel. 

RESCHITZA STATE RAILWAY. 

26. This company makes one of the most complete of the exhibitions of 
iron and steel, including the fuel used and models of the mines and 9\y 
paratus for extraction of the ore. We here And a complete section of a 
bed of coal, showing the roof and floor, with a clay parting in the midst 
of the bed. This specimen is 14 feet 4 inches long, and stands about 
6 feet high, the seam being inclined to the horizon. Here, also, is the 
largest Bessemer steel ingot in the exhibition, 7 feet 1 inch long, and 33 
inclies in diameter, weighing 8,925 kilograms. There are, besides, a 
series of steel ingots, test-objects, showing the character of the fracture; 
a series of sections of rails with hard crystalline heads, and fibrous 
bottom, some with steel head and iron base. A series of sections of 
shape iron of various forms is shown to illustrate their internal struc- 
ture, one being polished, and the other etched in acid, bringing out in 
this way the folding of the layers in the bacsor the "tibrous" structure. 
A large tire for railway driving-wheels, 8 feet 1)^ inches in diameter, at- 
tracts attention on account not only of its size, but its lightness aud 
perfection of form. 

In a tishplate joint for rails a method of preventing the uuts fro*^ 
turning is shown. A small s<[uare plate of steel or iron, about oo^' 
eighth of an inch thick, is placed under the nut, and oue side is rais^^ 
up by a stroke of a chisel applied under the edge. 

27. Ferro-man(IANESE.- A notice of the splendid exhibition in theEe**' 
chitza pavilion would be incomplete without more than a passing referen^^ 
to the samples of ferro manganese, or mangan iron, of three grades, co^^' 
taining from 25 per cent, to \\T) per cent, of manganese. This alloy is ver"-^ 
important in the manulacture of steel, and with the growth of the it^ ' 
dustry of steel in all parts of the world it assumes a constantly-iucrea^' 
ing imiKU'tance. The home-production of ferro-manganese is greatlj 
needed in the Tnited States, where it certainly might be made with ou 
nuinganiferons ores and abundant fuel at a moderate cost. The pfoces^ 
of manufacture, it will presently be shown, is very simple, atteutiou bow^ 
ever, being recpiisite to some important points, which might be over-' 
looked sind prevent success. At present the foreign metal is thrown iuU^ 
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arket at constantly decreasiug prices. This, and in general the 
natively small quantity required by our steel-establishments sep- 
, appear to have discouraged the investment of capital in a special 
akiug for the manufacture of ferro-manganese upon a large scale 
supply of the home demand. 

Vt Reschitza, and probably at Laibach also, (the Krainische Indus- 
iellscJiaftj) ferro-manganese is made in a blast-furnace, with char- 
fuel and limestone as the flux. The ore is a ferruginous mixture, 
ling about 37 per cent, of sesquioxide of manganese. It is sili- 
and somewhat resembles in appearance the hard manganese-ore 
ed Island, in the Bay of San Francisco, California. It contains 
29 per cent, of silica and some alumina, as shown by the sub- 
analysis : 

Analysis of ore used at Reschitza for ferro-manganese. 

Si O3 28. 613 

la AI2 O3 8. 073 

Protoxide ...FeO 0.367 

Sesquioxide F2 O3 19.031 

)xide of manganese Muj O3 37. 224 

CaO 2.430 

sia MgO 0.261 

. ... HO 3.361 

ore in the furnace requires a large amount of limestone to be 
\s flux. The larger the quantity of limestone used, or the more 
basic the charge is made, the larger is the percentage of man- 
in the product. Thus, by using 15 per cent, of limestone and 85 
it. of ore, the product contains about 25 per cent of manganese, 
ng the amount of limestone, about 5 per cent, additional of mau- 
is gained, giving, say, 30 per cent, of manganese; trebling the 
y of limestone, the metal containing 35 per cent, of manganese, 
o recapitulate results which have been obtained, we have : 

lestone > ok 

nganese-ore } =25 per cent, manganese. 



limestone ) «/> 

tnanganese-ore } = 29 per cent, manganese. 



lestone I or 4. 

*,««»,^o^ ^„^ > = 35 per cent, manganese, 

nganese-ore ) * ^ 



trial with the ore of which the analysis is given, 43 per cent, of 
ne was added, so that the oxygen ratio of the bases to that of 
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the acid was as 15.88 to 10.68 = 1.48 to 1, or nearly as 1^ to 1. This for 
charcoal is a highly basic charge, bat it is a most important condition 
in the manufactnre of mangan iron. 

To prevent the slagging-up of the furnace, it is necessary to have a 
high pressure of blast, much greater than is generally nsed in charcoal- 
furnaces, and as high as 90 to 100 millimeters of quicksilver. The blast, 
moreover, must be highly heated. In this instance it was carried to 25QQ 
Celsius = 4820 Fahrenheit, the highest point attainable with the heating- 
apparatus of the Reschitza works at that time. With a higher temper- 
ature of blast and still more limestone, an alloy containing at least 50 
per cent, of manganese could be produced. The furnace must be kept 
very hot, and the limestone always in excess. 

The quantity of materials used and the costs of production can only be 
stated approximately. At Beschitza it was approximately as follows : 

FLkr. 

1,400 kilograms of ore i 2 M 

5 hectoliters charcoal 2 00 

600 kilograms limestone 21 

Labor, &c 1 00 

Total in Austrian florins 6 15 

The product being 50 kilogram.s of ferro-manganese, containing 35 
per cent, of manganese. This sum is equivalent to, say, $3.10 for lOQ 
pounds of ferro manganese, being at this rate over $60 per ton. 

Mixtures of iron and bessemer steel.— There were some veE"3 
interesting specimens illustrative of the effects produced upon soft grm* J 
pig-iron by adding Bessemer steel in increasing quantities. The spe^^^i- 
mens prcvsent a regular gradation in fracture from soft gray pig to hamr^d 
white metal. Some large rolls for rollingiron were shown to which 12 1> ^bi 
cent, of Bessemer steel had been abided. 

29. The KrainiscJie Industrie- OeHellschaft of Laibach, Tyrol, exhibit £vo 
interesting series of specimens of spiegel iron and feiTo -manganese, ram ^• 
ing from 8 to 35 percent, of inanganoae. The alloy containing the hi^i) 
percentage of nMuganese is in blocks 1) inclies tlii«k, and breaks with a 
finely-l)l:»ded or colniuiiar fracture, not exhibiting brilliant crystallioe 
plates, but rather a fibrous structure. The ores are also shown, together 
with manganese and bauxite. 

30. Rositzer Mixing Company. — The Rositzer Berghau-Qeselhcha/t 
" make a very attractive installation ilhistrating their works and products. 

Tlie whole does not occupy more than ten feet square at the base, b«i^ 
is in tlie form of a pyramid, rising about ten feet high, and formed of 
sections of rolled girders of ditferent sizes, rhe largest at the base, and 
upon them samples of the pig-iron and of steel proof-ingots broken 
asunder, of l)ars and shafts broken across, and sections of rails and 
angle-iron. The ores (slags, tiuxes, &c.) are also shown in an attract!^® 
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7e also find castings, hoop and rod iron, model of workmen's 
model of the machinery at the shaft ; the hoisting-gear; a large 
* two wagons side by side, fitted with a hood, eccentric safety- 
, and a spiral spring. 

rebrick used are also shown. Some of them are of great size, 
r more in length and 9 inches thick, remarkable for their sharp- 
excellence. Specimens of coal-fossils, photographs, and blocks 
•n the top of the pyramid, complete this compact and well-made 

TDENBUROER Iron-Works. — The jointstock company *< Jnden- 

EJisenwerke," of Vienna, exhibited a number of boiler-plates of 

;e, a plan of the works at Jndenburg, and a graphic chart of 

on and prices for the last eight years. The dimensions of some 

lates were — 

lotive frame-plate, 8,016 y 765 x 9 millimeters, weighing 426 

QS. Annual production, 1,600 to 2,000 pieces. 

r frame-plate, 5,070 x 770 x 9 millimeters, weighing 264 kilo- 
Annual production, 1,600 to 2,000 pieces. 

••plate, 2,180 x 1,505 x 15 millimeters, weighing 393 kilograms. 

production, 3,000 to 3,500 pieces. 
2,000 X 290 X 28 millimeters, weighing 126 kilograms. 
2,709 X 1,500 X 2 millimeters, weighing 71.5 kilograms. 

production, 7,000 to 8,000 pieces. 
12,008 X 1,290 X 9.35 millimeters, weighing 1,071.23 kilo- 



4,346 X 1,948 x 8.80 millimeters, weighing 546.10 kilograms. 

3,265 X 1,580 x 0.616 millimeters, weighing 24.5 kilograms. 

2,249 X 1,602 X 0.244 millimeters, weighing 6.47 kilograms. 
, 2,344 X 1,356 x 0.183 millimeters, weighing 4.5 kilograms, 
rincipal market for these plates is in Vienna, for the manufac- 
locomotive-boilers, for steamboat-boilers, on the Danube, and at 

Briinn, and Pesth. Plate was supplied last year for over 
emotive boilers. The following is a tabular statement of the 
ion and price per zoU-centner for the last eight years : 



Tear. 



Boiler-plate in 
zoll-centners. 



23,23^03 

25, 075. 69 

48, 275. 24 

70, 922. 63 

!K), 603. 42 

90, 451. 94 

103,057.11 

116.465.91 

125.321.(^1 



Average price. 



Fl, kr. 
6 79.4 
94.7 
10.3 
2.^.6 
31.2 
97.3 



7 
7 

7 
8 



9 04.5 

9 21. 6 

10 34. ti 



Total value. 



Fl. kr, 
195, 525 78 
199. 290 31 
342,923 80 
515, 161 00 
753, 09H 53 
811.646 29 
932, 144 73 
1,073.311 20 
1, 296, 777 16 



property of the Judenburger Company consists of puddling 
ling mills at Judenburg; coal-mines at Zeltweg, Styrla; iron- 

: I 
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mine and blast-faniace at Olsa, Oarinthia ; rolling-mills in Hetzendorf, 
Styria. 

At the rolling-mills of Judenburg there are 3 turbine wheels^of 20 
horse-power, one of 90 horse-power, and a water-wheel of 100 effective 
horse-power for a line of plate-rolls ; three trip-hammers, one of which 
has a falling- weight of 24 and the other two of 20 centners; a large 
steam-engine of 200 horse-power for a line of plate-rolls. 

There are, in addition, one large steam-hammer, with a falling-weight 
equal to 300 centners through one inch, and a five-foot stroke; 2 large 
steam-shears, with seven feet cutting-length, to cut 18 lines thick, cold; 
10 puddling-fumaces ; 2 Siemens heating-ovens ; 10 heating-ovens of 
other construction ; and a variety of other accessories to the manu- 
facture. 

This is the largest establishment for the manufacture of boiler-plate 
in Austria. The first Siemens welding-furnace was set up in 1869. 
The product of one furnace in twelve hours is usually over 3,000 kilo- 
grams, and sometimes rises to 5,000 kilograms. Over 300 workmen 
are employed. The pig-iron is obtained partly from the company's fur- 
nace at Olsa and partly from the blast-furnace at Treibach, from Yor- 
dernberg, and from Eisenerz. Tlie coal comes chiefly from the com- 
pany's mines at Zeltweg. 

The works at Hetzendorf are intended chiefly for the manufacture 
of long sheets of plate-iron and plate of superior quality. The power 
is derived from a turbine wheel of 120 horse-power for a set of universal 
rolls ; one turbine, of 60 horse-power, for a set of bloom-rolls ; one 
turbine, of 20 horse-power, for the accessory work. There is one steam- 
hammer with a falling- weight of 100 centners, 6 feet stroke ; one of 60 
centners, 5 feet stroke ; two Siemens welding-furnaces ; seven paddling- 
furnaces ; four heating-ovens for plate ; and the corresponding shears 
and accessory machinery. 

32. EoTABY PUDDLER. — A model of a rotary puddling-fumace plant, 
with regenerative furnaces, according to Dr. Siemens's plan, is shown by 
Joh. Willroider, of Villach, in the Oarinthia building. The gearing 
is applied below ; it is sustained upon plane-faced wheels. The opening 
at the back is closed by a square sliding door, and the puddled ball is 
to be withdrawn through this opening and to drop through a chute 
below into a car in the pit under the rotating vessel. The flame enters 
and returns on opposite sides of a vertical wall, while in the Sellers 
puddler in the United States section the division is horizontal. 

33. Ehbenweeth's puddlee.— We have in the same building a 
model of a new form of rotary puddler, designed by Joseph v. Ehren- 
werth, of the K. K. Bergakademie zu Pribram, Bohemia. The two ver- 
tical sections annexed will serve to show its construction and method 
of working. 

The horizontal pan-shaped hearth A (Figs. 45 and 46) is supported 
upon a pivot, W, to which motion is imparted by bevel-gearing. An 




Pto. 46. — TnuiBvene scotion. 
EBBENWKETH'8 ROTABT PUDDLIKO-PUENACB. 
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anDnlar trough mied with water below the rim of the hearth 
Torm BD air-tight joint, keepiug the flame from the gearing and 
below. The rabble is fixed at one side. The cost is stated 
$2,0(>0, Ita value for the iuteudwi object remaius to be sbowa by mw. 

The annexed additional descriptiou is translated from the iuventor'a 
circular stating the advantages of this form of puddler. 

The puddling- furnace with rotating hearth differs from the ordinary 
pnddling-fnrnace only in the fact that the hearth, which is fasteiiCid to 
a vertical shaft, can he set in rotation. 

Any method of heating desired can be used. The model represents 
a furnace with gas-heating apparatus with Siemens regenerators, and 
the drawing such a furnace with inclined grate. 

In the drawing, F is the foot-journal and L the neck-journal, W the 
vertical shafl, A tlie hearth, which is fastened to the rosutte r. 

The hearth consists of the bed-plate and the hearth-wall. Both are 
formed of many pieces of east iron, as indicated in the model. The 
hearth-wall can be coaled on the inside wjth any snitable refraoloi? 
material. 

in order t« exclude the ttlr ftoin the interior of the furnace, a cylinder 
of plate is fastened to the bottom of the hearth, or to tUe wall of tb« 
same, which dips in water contained in the annular basin B, having 
constant iutiow and esit. The annular basin is attached, air-tight, to 
the furnace-wall. 

In order to cool the bottom, jets, with rosea attached, are introdncod, 
which sprinkle water against it. The cooling of the side-walU ia ef- 
fected in difl'erent ways acconling as the cylinder of plate, necessai; 
for the excluHion of the air, is attached to the bottom or to the rim of 
the hearth. In the first case the parts of the wall are hollow, aa sUovb 
in the model, and the cooling-water is conductt'd through pipes r aoder 
pressure into the hollows. The escaping water fallH over the lower edgo 
into the basin, (model.) In the latter case, which is to be more recom- 
mended, the cooling-water is conducted against the he^trth-wall throagtK 
jets fixed in a circle, and then drops into the ba»in. In thia cane tb* 
hearth-walls may be made solid. 

The motion of the hearth is imparted to it by means of toothed gear- 
ing, from the driving-shaft Wg, which is set in motion by meati6 of ^ 
belt from a main shaft. For large works it is advant4igeouB to haveooo 
sublerraneau main-shaft common to all the furnaces. 

The oi>erfltion of the hearth is as follows : After the charging is fln- 
ished the hearth is set in rotation. If it is intended to srir the bAtfe 
ai^er complete melting, then rabl>ler< provided with broad hhides placed 
obliqnelyare introduced through the balls k inserted inthefumafifr* 
doors, and the puddling is performed eitiier by hand or machine, from 
the edge of the hearth towaiti the ctMiter. If the rabbles ai-o plaoed 
oblii)Uely fVom opposite sides, and one worked toward the ccutef AwL 
^ the other toward the outside, the best possible puddling in oblnilwuBd 
I meauft of UiIr donble motion of the hearth and rabbles. ^^H 
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m blooming is iloae by baud aa ordinarily in tlie furnace with Qxed 
;h, itnd during this tiaie ttie lieartb is intermittently in motion, in 
', after completiou of a bloom, to bring another mass of iron ligiiia 
ire the door. _ 

Aft«r the blooming the hearth is again set in rotntioo, in order to ex- J 
tlie blootu8 to as Liniform a beat aa possible. The blooms are after* 1 
taken oat and drawn in the usual way. I 

10 esoess of slug, forinod by each new charge, is taken out at tfaa I 
of the proceaa by means of a ladle, (It can, however, be allowed | 
flow ofT, daring the working, over two places in the hearth -wall, which J 
lower than tbe rest.) I 

tPhe charge for a fnniaco with two worlcing-doors is 15 to 20 centners, 
work »nch a furnace, when the puddling is not done by machinery, 
foor men are generally necessary, two or three workmen, and a fireman. 
The power required is about J to ^ horse-power. The most advanta- 
geous number of revolutions during the puddliog is about 20 to 2i per 
lnil^ltl.^ The advantages which the puddling- furnace with rotating^ 
henrtb ofTera are based apou the facta that the working is doiie either ' 
partially ur wholly by machinery, and in conseiiuence of the rotation of 
the bearth all parts of the iron pass through the same pbaso» of heat, 
and are also entirely and uniformly heated. The a<lvautages over the 
ordinary puddling-fiirnuec are especially the following; 

1. Cheaper production, in consequence of the saving of fuel and hand* I 
labor. I 

2. Increased production with an eqnal outlay of capital. I 

3. Independence of the ordinary pnddler. Even with the fixed rabble 1 
the work is accomplished. j 

i. Uniformity of product, in consequence of thorough puddling and 1 
form heating. j 

,0. Bany regulation and control of the rnnning. 

6. Saving in health and comfort to puddlers, J 

This rotating- hearth puddler is claimed alfio to be especially well J 
suited to steel-puddling, and to offer greater advantages to this than for ] 
iron-pnddliug. 

34. Hydraulic forgino. — A suit of parts of railway running-gear 
and of parta of locomotives is shown by Mr. Elaswelt, of the Imperial 
State liailway Works, near the depot of the Southern Railroad, Vienna. 
These ubjectM are extremely iutcrestiug, not only to manufacturers of 
lovouiotivBM, oar-wheels, &c., but to industry in general, as illustrations 
of what may he accomplished by Haawell's method of forging iron or 
by direct pressure, slowly applied to the metal while hot. The 
ptlon of this method forms a separate chapter of this report. j 

i. WlBB-HOPE THACEs.— The St. Egydy und Kiudberger Iron and I 
tl Industry Company, formerly Anton Fischer, of Vienna, exhibited 'j 
large number of wire'Tope traces adapted to farming purirases, | 
wagons, and wherever leather traces or chains are used for draught, d 
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These traces have the advantages of great strength, lightness, pliability, 
and durability, and, besides, are cheap, as will be seen from the annexed 
table of sizes and prices. The lengths are stated in Austrian feet, and 
the price in florins and kreatzer.* 

Sizes and prices cfiron traces, 
[Length in Austrian feet] 
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Fl. kr. 


Fl. kr. 
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2i 


1 90 


I »5 


2 00 


2 05 


2 10 


2 15 


2 20 


S 25 


S SS 


3 


2 05 


2 10 


S 15 


2 20 


2 25 


2 30 


2 35 


S 40 


S S5 


34 


2 25 


2 30 


2 35 ; 

1 


2 45 


2 50 


2 60 


2 65 


S 75 


S M 



The form of these traces and the arrangement of loops and links at 
the end are shown in the figure. 




^C' 



Galvanizod iron-wire traces. 




The loops at the ends are fitted with metal guards to receive the wear. 
The rings are made of wrought iron. The lengths stated are from a to 
h. The rings add from four and a half to six inches. The whole sur- 
face is galvanized or zinked to prevent rusting. 

•Tbe Austrian foot = 1.0371 feet; Austrian ilorin= 50 cents, approximately; and 
the kreutzer half a cent. 
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GEEMAN EMPIRE. 

ixtent and arrangement op the iron and steel display ; extent of the 
production; Chief localities; Rapid growth of the industry; Develop- 
ment OF steel-manufacture; Cast steel; Graphic illustrations of produc- 
tion ; Imports and exports ; Number of exhibitors ; Borsig's display of 
large boiler-plate ; Dillinger sheet-iron ; Styrum Company ; Iron shoes for 

RAILWAY-BRAKES ; KONIGS AND LaURAHUTTE ; IrON GIRDERS AND COLUMNS, BUR- 

BACH Works and Phcenix Iron- Works ; Iron railway-ties, Burbach, Schalten- 

BRAND, AND OTHERS ; KRUPP'S DISPLAY ; DESCRIPTION OF THE WORKS AND PRODUCTS 

shown; The fifty-two-ton ingot of crucible steel; Artillery material of 
CRUCIBLE steel; Buttgenbach's blast-furnace; OsnabrCck Iron and Steel 
Works ; Glkinitz furnace ; Dimensions of furnaces at different periods. 

« 

36. The exhibition of the iron and steel industry of the German Em- 
pire is magnificent and highly instructive. It is arranged with the 
>ther mining and metallurgical products chiefly in a special building, 
between the Industry Palace and the Machinery Hall, while Krupp's 
unrivaled display occupies another structure alongside. 

37. The total values of the ores raised in the empire, exclusive of 
Elsace and Lothringen, in the year 1870, amounted to 7,116,828 thalers, 
a8 shown by the statistics presented at the exhibition, from which the 
annexed statement of the number of establishments, men employed, 
and the aggregate production in the year 1871, is compiled : 



Xamber of j Nomber of 
works. ! men. 



xicw.ore8 

Taiitimn 

Vnonght and rolled iron 
teel.vT. 



1.258 
631 
354 
216 



24,973 
39,525 
43,849 
12,892 



Prodaction. 



Owt 

58,550,539 

29. 942. 264 

17, 437, 766 

3,399,027 



Value. 



Thaler. 

7,116,828 

49. 251. 650 

57. 490, Se>4 

22. 747. 696 



38. The chief seats of the German iron-industry are the Silesian 
rovinces, Westphalia, and the Rhenish provinces of the kingdom of 
^russia. The great increase of the development of this industry of 
^te is' shown by the fact that the production of pig-iron, which in the 
^ar 1825 did not exceed 1,004,162 centners, amounted to nearly 
^»OO0,000 centners in the year 1871. According to the returns of the 
^ited German customs, there were in 1861 469 cupola-furnaces, 
Prussia, 310;) 207 iron-wire works, (Prussia, 166, of which 146 were in 
h^ province of Westphalia ;) 296 steel-works, including steel-rolling 
^^d steel-wire works, (Prussia, 275;) 982 iron and tin ware works, in- 
J^^nding scythe, chain, anchor, nail, and other works, with 13,336 
Workmen, (Prussia, 794; Bavaria, 66; Wurtemberg, 42;) 548 steel- 
^are and edge-tool works, with 3,081 workmen, (Prussia, 460, of which 
*2T were in the Bhine -provinces;) 421 iron-railing works, heating and 

^^Wng apparatus works, with 12,077 workmen, (Prussia, 242; Sax- 
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ony, 43 ;) 50 manufactories of arms, with 4,188 workmen, (Prusaiay 
35 ;) 65 nail-works, with 3,729 workmen, (Prussia, 34 ; Bavaria, 30.) 

39. In the year 1871, Prussia alone produced 5,689,944 centners of 
cast-iron ware in 492 works, with 24,600 workmen ; 1,840,159 centners 
of sheet-iron in 59 works, with 4,536 workmen ; 157,443 centners of tin- 
plate in 6 establishments, with 826 workmen ; 1,091,042 centners of iron 
wire in 43 works, with 3,185 workmen ; 3,664,064 centners of steel in 
78 establishments, with 15,290 workmen, of which 2,963,313 were east 
steel in 34 works, with 13,656 workmen. 

40. The development of the Prussian steel-industry is extremely inter- 
esting. In the year 1825, tlie production did not exceed 62,065 centners. 
In 1832, a small quantity, 94 centners, of east steel was made, but the 
quantity of steel increased rapidly to 723,297 centners in 1862, including 
274,662 centners of cast steel. Upon the general introduction of the 
Bessemer process in 1863, 579,508 centners of cast steel were made, while . 
the total steel-product rose to 952,767 centners. The percentage of 
cast steel in the total manufacture amountcnl in the year 1832 to less 
than 6 percent., in 185014 per cent., in 1855 to about 29 per cent., 1862, 
about 38 per cent., in 1863, nearly 60 per cent., and in 1871 to about 71 

per cent. 

Prussian ores. 



.Bog iron-ore 

Brown hematite 

SiMtbic carbonate. . 

CuLy ironstone 

Black band 

Hematite 

Ma|{n<itic iron-ore . . 
Limonito, (bohnerz) 
Specular iron-ore. . . 



Total 



1873. 



1872. 



TmiM. 

35,085 

1, 574. 657 

743.000 

55.396 
933,467 
698. 148 

10.415 

333,986 

353 



Tom. 

39,013 

1, 651. 550 

771,465 

36,767 

375,430 

657, lr*l 

9,877 

340,693 



Increase. DeereMt. 



Tmt, 



88.639 



40.967 
1,138 



98.se 



51. •» 



3, 555. 005 ; 3, 671, 364 




41. The above table shows the nature of the ores and the quantify 
raised in Prussia, during the years 1872 and 1873, with the increase arOd 
decrease. The total product of iron-ores during the year 1874 is gir^*^ 
at 2,090,133 metrical tons, valued at about £893,461, a diminution of ^^ 
less than 1,464,872 tons in quantity, (£776,384 in value,) as compar 
with the production in 1873. 

The following datii show the production, estimated value, and numb 
of hands employed in the diflferent government iron-works in Pruss- 
in 1874 : 



IYo<Iiiction in centners. 



1874. 



1873. 



Tmn-oret 

Pij{-iron 

Iron oastinfca 

Farts of macbincs 
St«el articles 



1. 903, 334 

3i'f*, 376 

173.086 

S9.53t5 

1.174 



3, 3Hi;, ai.! 

:«4. itlA 

33(i.994 

41, S-'iO 

890 



Value in tbaler. 



Workmen. 



1874. 



1873. 



187,049 
5rj, 213 
703,33<t 
348. SI3.') 
19. 344 



, 410.153 
760, r.."!! 

1,138,745 

430, 169 

:5.789 



1874. 



1873. 



531 
373 

796 ; 

366 i 
16 I 
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'2. The rapid iDcrease in the prodaction of iron and steel for the last 
by years is well illustrated by a series of graphic charts on a large 
le hung upon the walls of the entrance to the German building for 
aing industry. These charts show in colors the relative product of 
ih year from 1837 to 1871 in millions of kilograms. 

filUont - 
nlograms. *- 



1000 



500 




I I » I t-t I I T f^ ! T-l "T-l 1 I I t f f T T.n IM I f.Tt 
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Fig. 47. — Prodaction of pig-iron, Pmssia, 1837 to 1871. 

Che chart for pig-iron shows a gradual increase through each decade, 
t the chart of steel-production shows a very rapid augmentation of 
oduct since 1860. 
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Pio. 48.— Prodaction of steel, Prassia, 1837 to 1871. 
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Each of these diagrams shows a very considerable flactaation of pro- 
daction from year to year, bat, on the average, a constant increafle, 
highly encouraging to the industry of iron. 
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Fio. 49. — Prodaction of bar-iron, Prnsria, 1837 to 1871. 
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The Gerinaa trade in iron and steel, and manufactures from them, 
' considerable, as shown by the customs returns for the year 1871, 
, as below, the imports and the exports : 



in»ii 

Iron 

Hteel wire 

roaj^bt-iron and steel objects 

•iron pipe 

kStin/ES 

n and steel-plate 

1 ware 

idles, steel pens, Sec 

tal 



Imported. 



£xi>ort«d. 



Owt. 


CtPt. 


11, 849, 410 


4, 137, 844 


1.418.809 


1,212,885 


2,017.511 


3,553,908 


93,731 


161, 349 


36,360 


161, 127 


765, 981 


1, 225, 188 


138,011 


119,432 


437,505 


496.231 


597,840 


323,557 


70,105 


58,289 


12,160 


22,558 


76,134 


22, 477 



5, 664, 747 



6, 357, 001 



The number of exhibitors in Group I alone is not less than one 
ed and seventy -two, most of them being iron and steel works of 
erable magnitude, but this number includes also exhibits of coal, 
% lead, zinc, &c. There are, besides, in the section of Group VII 
Industry) devoted to manufactures of iron and steel no less than 
mdred and fifty exhibitors, but these include many manufactures 
dinarily classed with iron and steel products. 
y a few of the more prominent exhibits, in regard to which notes 
Dade, can here be noticed. 

A. BoESiG, Uppee Silesia.— This firm, with large establish- 
in Silesia, and also near Berlin, makes a fine display of cast-steel 
, sections of girders, piston-heads, boxes, and various parts of 
nery. There are some large and well-forged cranks and connect- 
ds, large boiler heads and plates, in cast steel, one weighing 480 
ams ; another 5,300 by 1,500 by 13 millimeters, weighing 950 kilo- 
. Among the large boiler-plates, (presumably of iron,) two may 
'd for their great size and perfection. The first, 6,400 by 2,200 by 
meters, weight 550 kilograms ; the second, 8,000 by 2,100 by 13 
leters, weighing 1,700 kilograms. Two sheets of locomotive-boiler 
respectively, 7,400 by 1,010 by 30 millimeters, weight 967.5 kilo- 
, 7,500 by 1,170 by 40 millimeters, weight 2,730 kilograms, received 
regress Medal. The central portion of this fine display consists 
;las8 case containing the smaller objects surmounted by a stack 
. There is a monumental pyramid of coal, with a bust of Borsig (!) 
top. Progress Medal. 

se works were established in 1863. There are now (1873) 4 
furnaces, 40 puddling-ovens, 21 heating-ovens, 3 annealing-ovens, 
I melting-ovens, and 2 heating-ovens. They produced in 1872 j with 
workmen, 400,000 hundred-weight of pig-iron, 26,000 hundred- 
t castings for the use of the works, 300,000 hundred-weight of 
iron, 26,600 hundred-weight steel for the German market. Open- 
1 steel by Martin's process is a specialty of these works. 
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46. DiLLiNGER Company.— The Dillinger Stock Gompaiiy makes a 
flno display of rolled plates, of large size and of all tbicknesses, maniifac- 
tared of superior charcoal-iron. These sheets of iron comprise reservoir- 
iron, bridge-sheets, locomotive-boiler plate, and ordinary sheet-ii*on and 
tin-plate. One sheet of reservoir-iron weighs 2,130 pounds, and measares 
0,500 by 1,000 by 11 millimeters ; a bridge-plate measures 150,000 by 1,000 
by millimeters, and weighs 2,100 pounds. A locomotive-plate 4,100 by 
1,000 by 10 millimeters. Button-iron is shown in sheets 456 by 305 by 0*26 
millimeters. Some of the sheet-iron is so thin that 38.i sheets are re- 
quiivd to make a thickness equal to one millimeter. Buckled plates 
and corrugated ii*on lire shown in great variety, and apparently of nii- 
usually good quality. 

This establishment was founded in 1703. In 1872 the production was 
about 400,000 hundred-weight of sheet-iron, including the tinned and 
zinked iron. About 2,000 men are employed. 

47. Stvrum Company, OnERiiArsEN. — The stock company at Sty- 
rum, in Oberhausen, Hhenish Prussia, send some very large rectangular 
and circular boiler-plates, \\ith bar and angle iron of all forms. One 
boilerplate measures 3.770 by 2,305 by 13 millimeters, and weighs 1,025 
kilograuis. The circular boiler-head is 2,550 millimeters in diameter 
and 15 millimeters thick, and weighs 025 kilograms. 

These works were established in 1857. In 1872 the prodactiou, with 
650 workmen, was about 300,(KX) hundred-weight. There are 40 pud- 
dling-ovens. 20 heating-ovens, and 11 rolls. 

48. Ikon shoes for railway-brakes. — The brothers Glockner, of 
Tschirndorf, near Ilalban, in Silesia, send a variety of forms and sizes 
of brake-irons for the use of raifways. They have agents in Eugiaod, 
Russia. Bavaria, Austria, and Hungary. This concern makes a specialtf 
of steel castings, and produceil in 1872 7,000 hundred- weight with 95 
workmen and two cupola-furnaces. 

40. United KClnigs and LAURAnrTTE.— The furnaces and rolliog- 
mills ot this company wert^ represented by a conspicuous stack of bar 
iron, rails, nnls. and sheet-iron tastefully arranged upon a pedestal 8a^ 
mounted with an iron crown, and bound around with a sheet-iron band, 
tied in a bow-knot. This was pl;u*ed in the rotunda. The bars and 
rods were variously twisted and tied into knots to show their toughne«8 
and strength. 

TluTo are 7 blast furnaces at Kiinigshiitte, and a rolling-mill, be- 
sides works tor Hessemer steel. At Liuirahiitte there are eight furnaceSj 
six of which produced :>5.<HK» tons of pig-iron in 1872, 

IKONWIKK INDVSTRY IN AVESXrHALIA. 

50. The \Vestph;*]ian Tnion JointStoek Com]»any in Hamni, on tbe 
Lippe. iWtstfaJifnh f*«jV»>? ActioiGiSilhiha/f /iir Berffban^ Emnjt^ 
Drnhr-lntJustrit,) is a rivent incori>iiration representing several distinct 
establishments which- as united, is claimed to l>e the largest underttk- 
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ing in the world for the manufiicture of iron aud steel wire. Over 2,800 
men are eiuployed, aud the total aiiuDal produetiou of matiufactured 
ware, exclusive of pig-iron, is about S4,0OO,U0O pouiids, and is in- 
eieasing. 

Uotil recently this great industry was in tlie Uauda of a few private 
firms. The chief market for their production was in the cities of Iser- 
bbo and Alt«ua, and their vicinity, for the manufacture of ueedlea. A 
nnmber of small mountain-streams supplied the power for grinding aud 
polishing tlie needles. But the rapid spread uf the electric telegraph ' 
and the substitution of iron for copper wire in its construction com- 
pletely changed the market and revolutionized the wire-industry of thia 
ttgion. 

Another very considerable demand for iron aud ateel wire grew out 
Ot the use of wire-ropes in mining-operations and the greatly extended 
OOUHumption ot wire-nails. Wire-nails for mauy years were of small 
Hie, uot much lorgitr than carpet tacks or brads, but now they are 
made of almost all dimensions, up to one-quarter of a meter in length 
and three-quarters of a centimeter in diameter. TLey are largely used 
in building, arc made by machinery, and are very uheap. They have 
driren wrought nails, excepting only horseshoe-nails, from the market. 
Another important consumption of the wire made in the works of the 
Westphalia Union is in the raanulacture of rivets, siren's, springs, and 
6f wire-cloth aud lattice- work. It is largely used also for wire-cordage 
for ships' rigging, for teledynamic cables, and for suspension-bridges. 
TLeHo arti some of the many uses of wire cited by the company iu the 
brooUnre which they print in German descriptive of their works and 
I'fodnction. They draw attention to the fact that the quality of wire is 
not of so much importance in their estimation iu the manufaoture of 
DiiiU aud screws as iu the manufacture of needles, rivets, and wire- 
tope, aud (sometimes, also, of telegraph-wire. These latter require con- 
■iOeruhle hardness and tensile strength in the wire. For the prodno- 
tionof wiro-ropc, and also telegraph-wire, it is important that the wire 
b* ill as long pieces as jrassible. The company claims for its products a 
vorld-wide reputation, and gives a statement in some detail of their 
distribution and uses in several countries, from which the following ia 
Wndensed. 

61. The high reputation which the Westphalia wire-industry has ob- 
tained comes from the fact that the differeut works have made the 
"lauQfacture of wire a specialty, aud by long experience have been 
"ble to satisfy the demands of the needle-trade as regards quality. 

The Westphalia wire-industry had also better opportunity lor the 
■"Ifniion of snitablc raw material than other localities, and the works 
IJglid produce blooms directly from the pig, which could be rolled into 
■BlUARecoud nmnipulation without the manufacture of a costly iu- 
^^todiate pro<lnct. The importance of these advantages over other 
^^Btlu, and the care exercised iu the manufacture, enabled the West- 
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pbalia wfiro-iinliistry to overcome the c'otui>etition of tlie Engltsh awl 
French. Westphalia telegraph-wire is used iu various spbmnriiio cables; 
stretches ovfer the great Itussiait Empire; withstood competition with 
the English wire csed li,y the English gorernment in the East IndiM, 
for which tests were reguii-ed which other manufacturers considertd 
unattainable. It is used by the Brazilian government; it vtns well 
known in the Parisian market before the French war, and olttained thit 
market afterward, and is used by the Prussian and German goyt<nt- 
ment telegraphs. In the Franco-Prussian war of 1870~'7I, the great 
demand for field-telegraph wire was supplied by the firm of Oossok ft 
Co., now the Hamm division of the Union. It is not strange, tti«e- 
fore, that this wire-iudnstry, which was previously iu the hands of a 
few firms, drew the attention of capitalists, and a joint-atnck companf 
was formed, iu order to secure more capital and a consolidation of in- 
terests against competition. Four of the most important workn of the 
Westphalia wire-industry now united nnder this fliin will be noticed In 
succession. 

52. Hamm Division, (formerly Oosaok & Co.)— Annual productioD, 
about 28,000,000 pounds of rolled wares. The works are situated os 
and connected with three principal railways, with an area of ahont 
thirty acres. The mannfaotures consist of the following chief prodaata: 
Bar-iron and rolled wire, drawn wire, especially telegraph-wire, wire for 
wire-ropes, &c. ; wire-tacks, springs, boiler and bridge rivets, and CM* 
riage-axles. The plant of these works consists of 30 puddling-fumaotti 
including. 2 '"Schrott ovens," 9 heating-ovens with blast, 38 steaii^ 
boilers, 3 steam-hammers, 1 lift-hammer, and 6 lines of rolls, 2 of wkiab 
are for bloom-iron, 2 for bar-iron, and 2 for rolled wire, besides the ordi- 
nary shears and saws. There are 14 driving-engines, besides the neoe* 
sary aceessorj' engiues, giving altogether about 450 horse-iMiwer, wttt 
watfir-pumps, steam-pumps, &c. The rolle<l wire produced ia for tirt 
most part further worked in 2 drawing-mills and a tack-shop. lo ' 
rivet-shop, boiler and bridge rivets are made in 7 machines ; 6 hamiiMil> 
and 20 lathes and drills nerve for the mannfacture of axles. The Mtab* 
liahment irassesses 1 iron-foundery with 3 cupolafnrnaces and 1 
beratory furnace, 1 machine-shop, 1 apparatus for zinking fourteen wii 
at the same time, 1 factory for green vitriol, (sulphate of iron,) 1 factof^ 
for fire-brick, and 4 limekilns. 

53. Naciirodt division, (formerly Ed. Schmidt.) — This has an 
of about 150 acres and railway connection with the " Bergisch-M^rklMd* 
Bailroail, with n solid bridge over the Linne. Aiinual production, AboH 
24,000.000 ponnds of finished goods. These works have the odvaota^ 
of a very important water-power of the Linne at their disposal, and, ' 
deed, the works are mn by the following: 1 water wheel of 100 hot 
power, I water-wheel of BO horse-power, 1 Kochlin turbine of 1 
horse-power, 1 second turbine of 100 horse-iwwer, 1 third carbine, : 
running the drawing-shop, of 10 horsepower, making a total 
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one-power. Such au nrailable water-power represents a eonairlemble 
ftpital io coiaparisoii with the cost i>f steam-eugiQes ant! boilera, with 
xpeiiMM for repairs, iiiid tlie coiisiitDptiori of coal. Thfine works were, 
lierororu, in a aituatiou, being alongside the rolling-mill, which, by the 
rafttv hoatf afforded unongh steam tor the finishing of the product, to 
»ke up some mannfactiiro wliich requireil greater power than the heat 
com the gas-funiacua prodUGL>d, as ia the ease with the manufacture of 
lim plate. Although theniannfactnre of rolled wire is the most iuipor- 
ant, these works also prodnco a cousiderabte quantity of tin-]ilate ae 
rell asidieet-iron, bntton-plate, and bras»-plato. The plant consists of 
1 paddllng-fnrnaces, 7 heating-ovens, 22 steam-boilers, 3 steam-bam- 
iKtrs, 6 steam -engines, 3 bar and bloom rolls, 2 reUned iron lines of rolls, 
wire lino of rolls, 4 pairs of plate-rolls for tinned plate, sheet-iron, and 
lattOQ-plate, and also 2 pairs of rolls for brass-plato. The luannfactnre 
f riveta, nuts, and screws is considerable, and during the last working 
'ear reached about two and one-third million pounds, which yielded a 
'ery good profit. The works {tossess a foundery, draw -shop, hlacksmith- 
ihop, repair-shop, and all the necessary accessories. There are also in 
HToceas of building, 4 pnddling-fnrnaces for ntilizing fine wire and plate- 
raste, 1 bloom-roll, and I steam-hammer. 

54. LipPSTADT DrvisiOK, (formerly A. & Ta. LlNHOFP.)— Annual pro- 
Inotion, about 13,000,000 pounds of finished goods. The puddling and 
■oiling mill at Lippstadt produces chiefly wire and wire fabrics, and also 
nercbant iron. The works areeonueetcd with the Westphalia Railway, 
kDtl poese.ss about twenty-eight acres of territory in the immediate neigh- 
Mrliood ofthestatiou. The puddling and rollingmill contains 12 pud- 
Uing-furnaee^ and 3 heating-ovens, each oven being provided with a 
boiler. The works have 3 sets of rolls and 1 bloom-roll, 1 bar-roll, and 1 
quick roll for wire ; 2 steam-hammers, and 2 small lift-hammers for the 
Biuiafaotarc of beaten iron; finally, 1 drawing-mill, with 12 large-sized 
andltS mediam and fine sized rolls. The drawing-mill and tack-factory at 
Bcleoke, belnnging to Messrs. Linhoff, have also been added to the prop- 
wty of the company. This has an area ofabout forty acres, besides water 
and steam power. The factory contains 46 wire-tack machines, 16 large- 
ciEe rolls, H tine size, and 8 medium size in process of erection. All the 
ihops possess the necessary repair-shops, with lathes, drills, planing 
tuchines, Ac- The eharcoal-fnrnaee at Bericherhiltte, in Fiirstenthurm, 
Waldeck, alKo belongs to the Linhoff Works. This furnace has a daily 
pmlnction of about 40 centners of the best charcoal-iron, of unusual 
•ttength, which is especially suited for piano-wire and scraper-wire, but 
is f^nipliiyed mostly for hard castings, parts of rolling- machines, square 
Will corrugated rolls, puddling- furuace canals, crucibles, &c. This fur- 
"*<» has the right of pre-emption for charcoal in the Fiirstenthurm, 
Wslileck, and )iossesses 57 shares (out of 128) in a mining concession ot 
Ml,750 gciuare " lachter" (fathoms) of a very valuable iron-ore. A rail- 
is intended t« bring the mine into communicatioi 
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the statioD Breilliir. TLis railway ia cosdaoted by tbe miou-ownf 
was to begiu (iperation in July, 1873. 

55. Weedohl Division, (formerly Feiedbich THOENfiE.J 
productiou, about 19,000,000 poatids of manufactured prodacts, such as 
rolled wire, dmwu wire, aud springs. To tLis division belong: 

a. The puddling and rolling mill t» Werdohl, with 14,000,000 pounds' 
production, situated immediiitely by the station, and connected by a 
side-track with the "Bergisch-Markiacb" Kailtray. These works have 
16 puddling-fnrnaces, 3 heating-ovens, 16 steam-boilers, 2 Liloom-hatD> 
mers, 1 bloom-roll, 2 wire-rolls, and a repair-shop with roll-drawing 
apparatus. 

6. The leorlis in Peftwli'njiien, (wire-drawing mill.) — These are Bitnatod 
on the Liune, a quarter of a mile from the station WerdoUl, and hare 
a water-privilege of about 250 horsepower and 1 steam-engine, driving 
48 large-size, 22 medium-size, and 130 band aud soraper rolls. There 
are also machines for drawing spring-wire. There are about 2,600,000 
pounds of products. 

c. The puddling and rolling viill at Einna!, with about 5,000,000 
pounds' production, situated half a mile from the station Alteos. 
These works have about the same water-|)ower as those at Uetterling- 
sen, ^^h 5 puddling- furnaces, 1 heating-oven, L lift-hanimei', 1 
roll, and 1 wire-rfill. 
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56. — The finest display of rolled girders aud angle-iron of large 
is made by the Burbach Furuncle Oompauy, {Luxtonburger Bvrgiearl» 
und HaarbrUcker Eiemkiitlen-AclienOeiieliscluift zu Burback,) which send* 
a variety of girders of full length, and elegantly supported npon a pjTa- 
mldal iron frame, sustained by a sitecial stone foundation independent 
of the floor of the building. The girders rest upon ornamental hract- 
els, in the form of lions' heads. The following sizes of gt I'd ers are noted : 
18,000X355X142X13 millimeters. 
18,000x202x 90x y millimeters. 
18,0OOx20OXlOOx 9 millimeters. 
18,000xl25x 75X 6 millimeters. 
1 10,500x400x140x10 millimeters. 
I 10,500x200x140X10 millimeters. 
J. 10,500xii00 120X 8 millimeters. 
3 16,50(ixi53x nSx 7 millimeters. 
The same establishment scudu several hollow wroughtiron Colunmi 
composite, made liy riveliug together flanged ptati's of the proper fonfl?i 
in short, the well-known Amorieau Phtt-uix wrought-iron column, 1*4 
<i*euted aud patented by Samuul <l. Ueeves, president uf the Phouii^ 
Iron Company, dune 17, 1862.* The s|>ecimens here shown are big) ' 

trlcB Ht I'liiriiixvlltc, ["a., Jobu Grifl'oii, tiU{vrititeiii 
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inditflblt^ [41 t)iL> wiirk^j, biiUig of large sise and well umdu, TUu largest 
n) U sfjaare in section, and IJ ioclies internal diiimeter ; another {h) In 

Ianme in funn, bat nrnaller and longer; and a tliird {c} in simply n 
ftd girder X- The exact diDienaions are below : 
■ d. 19,2()0x-SO x^fixlS millimeters, 

f li. 20,000xlfl3jx'0xl3 millimeters. 

I 0. 2IS,0W)xI57 xS'KxlS millimeters. 

A long round column of similar construction, and very [K^rfoct, and 
remarkable nliso, as nil micli columns are, for rigidity, lightness, and 
strength, is sliotrn in the Belgian section. 

Oolouasof this construction and of greater dimensions than these 
ue no novelty in the lltiited f^tates, for the Phtenix Iron-Works make a 
l^reat variety of sizes and forms, and can Ml orders on demand for 
colamns too feet long, and from 3 inches to 3 feet in diameter, composed 
of segmental pieces, varying from i of an ineli to 2 inches in tbickuess. 
For more than ten years this description of column, or post, has been 
largely manufactured at the Phcenii Iron-Works, and many thousand 
tons of them have gone into the constructiou of wrought-iron bridges, 
viadnctD, depots, warehouses, and other structures in various parts of 
tlie United States, Canada, Kova Scotia, and in South and Central 
America. All the top chorda and posts of the trusses in the interna- 
UouhI bridge over the Jfiagara Hiver, near Buffalo, are made of Phcenix 
columns. The same can be said of the intercolonial and all the new 
bridges on the Grand Trunk Kailway in Canada, the Angusta bridge, in 
&Iaint4,tbeUirard Avenue bridge, over the Schuylkill, the New River and 
Greenbrier bridges, in Virginia, the three wrought-iron bridges at 
Bock Ifiland, III., ami scores of others. Many important viaducts are 
eoiii;>08ed almost entirely of those columns, as the Lyman and Kapallo 
■riortactfl in Connecticut; the Lyou Brook, Deep Gorge, and Block- 
bouse, in New York; Bullock Kun anil Bank Lick, in Kentucky ; the 
Agua Veuiigas, in Pern. Many of these structures are of great length and 
depth, the last-mentioned being 580 feet long, andcrossing a gorge 252 feet 
deep, over which the Lima and Arroya Itailroad is carried. The over- 
Iitiad Greenwich Street Railway, in New York City, rests ou a contiou- 
'"isline of these columns, though not by any means a good type, owing 
lotlieir flaring tops and tiottoms, made to suit the peculiar notions of 
tile contractor of the railway. 

57. Tlic BnitnAcn Works were established in 131C, with four high 
fenacis*. lu 1872 there were about 1,550 workmen, and tlio produc- 
tion was over 1,000,000 hundred -weight of pig-iron, 418,000 Uundved- 
»«?li[ rails, and 422,000 hundred- weight of shane-iron. Siuce 18C7 
llie daily product of the furnaces has increased from 100 to 350 hun- 
dred-weight. Double-T girders are the specialty of the works. They 
*1»0 manufacture and exhibit wrought hoops, flanged inward, for lining 
sttcular milling' shafts. Some of the-se are from 10 to 12 feel iu diam- 
•**r, ami 5 fi-et high. One lioop or ring is designed to set upon another. 
Mill In tliia way a high column may be built np. 

5l ^. 
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IRON EAILWAY-TIES. 
The Buibacli Conipaiiy also make au iiit«resiiug exhibition of tlii* 
different forms of iron they are manufacturing for "[tt-rmaiioHt waj" 
for railroada by substituting iron for wooden ties. As thin metliod, if 
extensively adopted, will lead to a greatly -increased ilemanil for iron, it 
is gpedally interesting to irou-mauufactiires, as well as to railroad nieo, 
and merits a special notic*. The simplest form is a cross-tie, rolled 
with a raised centtr and broad flanges, so as to have a firm lieMriug on 
the ground. 



Fig. frf).— Iron railwi>y-lio. 

They are about a foot in width and half an incli thick, aud apptfltin 
lie intended to be lirmly bedded in the earth without any special liiiiJ 
of tilling. The rails with a suitable chair are bolted to the top. 

Another form of " permanent way " consists in placing the iron sleep- 
ers on ties longiltidiiially under the rails, not across the track, lai 
with it, in lengths of about twenty feet each, the parallelism and Uk 
uniform distance of the rails being maintained by tie-rods at intervftl*. 
The form of tliia iron bedplate differs from the simple cross-tie ftlKrvS 
mentioned. It is wider, and is provided with sharp flanges pr<(ieoUnf 
/ 9t) >< (io * 




downward so as to penetrate the ground and hold it securely againBl 
sidethrui5ts. The breadth Ik 300 millimeters; depth, 60 millimeten 
from the top to the edge of the flange, equivalent to about 12 loebe* 
wide and 4 inches deep. 

58. SCHALTBNBBAND'8 IRON CROSS-TIE. — C. Schalteu brand, of BW 
lin, eshibita his proposed iron railway-tie, a hollow sleeper, filled B 
with sand or concrete, and to which the mil is attached by bolta. A< 
early as 1870 Schaltenbrand described his method of making a railway 
eutirely of iron, in a lecture at Cologne, and endeavon?d to prove Ait 
the wooden ties so universally used in railway- construction ftan be * 
placed by iron ties with profit. He stated eleven conditions eRsentW 
to flrst-cliias conntrartiou which are realized in sleepers made wliollyf* 
wrought iron. He then thought, aud still thinks, that iruti tfca aro 
tined to replace wooden ones at no distant day, particularly wbera wood 
is growing scarce and dear and iron more abundant and cheaper. TlK 
relativeeeonomy can be easily ascertained by trial of the iron ties, 
side of the ordinary wooden ones. 
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Tbe ties, as exliibited, consist of plate-iron rolletl or bent into tLe 
brin indicated by the cross-section annexed, with a bottom-plate bent 
ipward at the edges so as to catch and hold tbe edges of the upper plate. 




Fia. 53.— Section of iron rail 



A flat piece of iron is rolled or welded npon the top, and the rail rests 
npon this. The method of attaching the rail is in this instance by 
clamps pressed firmly npon tbe foot of the rail on each side by bolte, as 
Bhoirn in the cross-section of tbe rail appended, but this is nnimportant, 
as other methods of securing the rail to the tie may be adopted. 




Fio. 54. — Crou-sectioii of tbe foot of roll adiI tho clamps. 

The total breadth of the tie is about 10 inches; the height to the 
bottiHn of tbe rail 5 inches, and tbe thickness of tbe iron plate three- 
iuteentbs of an inch at the sides and a trifle thicker at the top. Tbe 
dinwnsiODS in millimeters are: breadth, 140 millimeters; height, 120 
■rillimeters + 10 millimeters; thickness, 4 millimeters and 5 millime- 
!■■ The extreme length of the tie is 2,500 millimeters and the width 
tf track 1,435 millimeters. 

The tie is laid down before being filled in. The inventor proposes for 
UIng either sand, loam, or sand into which small atones are crowded to 
Wke the filling firmer, or betoa. These materials are to be rammed in 
bom the ends, and the openings are closed finally by a tile of the proper 
ftm. It ie also suggested that tiles or " shape-bricks " may be made 
to uawer 6jx the filling. 
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liSfi .st^airi-f:Kgine?i, viz: 

Ntiml^r 3 57 4*J 1*; 17 •; 1 4 3SJ^ 21 ^i 3^ 22 5 

^:adl,IJ.I^ :i, 4, «. ^i m. ij] li. li.io,!^. 2u, 23, 23, :io, sS^ 

yumljcr - ^ ^ - ^ J_ ^ ^ } _^ 1 

'^•acb, 11. V. 40, 4.3. »;«)• MJ. hMK Tl'M. 13»i. L'IJ4», 5*H», .N4X». 1UU«I, 

'rei»rf:iM;ntin;i: altogether nearly HUH^i) IT. P.; 

105G jDaebine-tfK>l.s. viz : :>;2 turning-]atbe.s : 82 sbapiug-machines; 
105 lioriug-inacbinef): 107 planing-maehiues; 42 paucbiog and groov- 
ing machines ; 32 pressing lUK'hines: ^>3grin«ling-niacbines; 31 glazing 
and iKjlisbing machines; 142 machines of diifereut kinds. 

In the year 1872 there were consumed : 

Coals, .>W,(KX) tons ; coke, 12.j,<XMJ tons : water, 113,000,000 cubic feet, 
supplied from several waterworks: gas, 155.000,000 cubic feet, supplied 
\>y the gasworks of the establishment for 1G,50U burners. 

The works are in rail way -connect ion with the Calogue-Minden, 
H.'frgis<;hMarkisch, and Itbenish lines. 

To facilitate the tratlic on the works there are — 

a. About twenty-four miles railways of usual gauge, with 180 sidings 
and 30 turn tables, on which run 12 tank-locomotives of about IG inches 
cylinder-diameter, and 530 wagons. Six more locomotives are now in 
c mrse of construction. 

h. About ten miles of small-gauge railways, of 30 inch gauge, with 
147 sidings and 05 turn-tables. The tratlic on these railways is carried 
on by means of horses, and of 3 locomotives of G inches cylinder-diame- 
t«r. and 270 wagons. Tour other locomotives are now being constructed. 

The carriage department comprises, besides, 272 wagons, and alto- 
gether 191 horses, of which GO to 80, are supplied by contractors. 

To facilitate the communication between the several workshops, there 
are 30 telegraph stations. 

A permanent fire-brigade, consisting of 70 men, has also been insti- 
tuted, who perform at the same time police-duty. There are IGG watch- 
men besides. 

The general sui)ply stores, under control of the firm, sell to voluntary 
purchasers, (/. c. to those belonging to the works,) for ready cash, pro- 
visions, clothing, drapery, boots, «S:c., at cost-prices. The receipts at 
tlie ditVerent stores amount .at present to «ibout £11,000 monthly, and 
are continually increasing. 

Under tiiis head may also be named 1 hotel, 3 beer-houses, 1 seltzcr- 
watrr manufactory, 1 Hour-mill, and 1 bakery with 2 steam -engiucSj 
pro(hi(;ing at an average 85 tons of bread monthly. 

Ortiic dwellings for the olliccrs and workmen, there are for the former 
2(M), for the latter 2,918, either inhabited or in course of construction- 
At the present moment there are living in these houses, the number o* 
which is being rajndly increased, already more than 8,000 individuals* 
The existing boarding-houses offer board and lodging to 2,500 nnmaT' 
ried workmen, and other houses of the same desciiption are now* bein^ 
built for the accommodation of 1,000 more. 
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The nrroti^eiueiits Tor tlie iiccommodatiou ot tbe sick coui^ist of L 
iMltftal ouutaiiiiiig lUO bi^dH, utiil 1 epid«iiiiclios|iitj|] witL 120 beds, 
til uuder the suporvisiou of iiliyaicians espGcially eDga<;ed for the pnr- 



A Kick, bnrinl, and pension fundUas also beou instituted for tUe work- 
uen, i, e. for all Eliose who receive wages from the linn. Ttie latter con- 
:ribuh^8 hi tbiti fund half the nmouiit of the contributions paid in b.v 
Jie mcnibtirs, being, in addition, at the expense of providing pensions 
laA suptwrt for those who have been rendered unfit for work In their 
lervice, and for the widows of their workmen. The total receipts iuthi* 
rtuu' 187:^ iimouutcil to jCIO,UOO, the expenditure to £12.500, and capital 
DllKud ut the beginning of the present year (1873) to £19,313, 

V^tn itnother fund, members receive for their families free medical 
ireatment against nu anunal payment of 3 English shillings. 

Finally, the firm has organized a chemiciil laboratory, a photographic 
ind a lithographic atelier, aa well as » printing anil book-binding estab* 
tahtneut. In the printing-olBue there arc - steam and i hand presses In 
yfitntioo. 

Besides the cast-ateel worka near Kssen, tbo firm possesses considerii- 
blc mining and smelting works, which render the chief works independ- 
Mit of fluctuations in prices, and secure to it a regular and nniform 
mpply of the best raw material. This head couipristts ; 
L AdmkiistratioD of Krnpp's Mines : 

a. C'oal'pit« ; 1. Pit " Graf Baust ;" 2. Pit " Ernestine ;*' 3, Pit " Fiied- 
rieh Ernestine;" 4. Pit '■ Ilanover;" as well as one-third in the Cou- 
eeMuons " Humboldt "' and " Diergardt " on the left bank of the Khine. 
i. Iron-ore mines: 1. In the mining districts "Kirchen," " Daaden," 
"SiegbHrg," " Ilamm," " Neuwieil," together 64 mines, (No. 1 to 04:) 2. 
In the mining-districts "Wetzlar," "\yoilburg," " Uietz," "Oberhes- 
•en," " Itheinhessen," and " Dillenburg," together -01 mines, (No. C5 to 
3S8;) X In the mining districts " Uamm a. d. Sieg," " Wied," " Unkel," 
"Coblenz," "Itiiudcroth," together 58 mines, (No. 359 to 414.) Total 
BBmher of mines 414, with an area of more than 230.200,000 
tipatt yards. 

Hie Arm K. Krnpp possesses, finally, important concessions of ex- 
«lluBt iron-ore beds in North 8pain, whenee it is intended to import 
Wiiually lip to 3(H),ooiJ tons of ore for the production of cast steel. To 
^litate the importation, a railway in Spain nearly eight nnles long, as 
*»)l a* several steamers, is already In course of construction. 
-■ The administration of ICrupp's Smel ting-Works comprises: 
a. Tlio tSayner and Oberhammer Smel ting- Works, containing two 
I'lut-f urn aces, one of them fed with charcoal. Both of them pro- 
iOM daily about twenty tons of " spiegeleiseu" and "charcoal spiegelei- 
■"■" Ah irou-foniidery and a machine-manuractory are coniiecled with 
|lj»8ajner Works. 
^HjSie Miilbofer Smelling-Works on the lihine, connected by a 
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bmnch line mtli tbe Kbeiiish Bailnity, leriniDaliug at the Engers'SH' 
tioD, and coiitaitii»g 4 blast-furnaces (3 of tbeiu the latest Scotcbcou- 
slruction) with pueDoiatic lifts. Eacb of tbein produces diiilyaliont 45 
tou3 of Spiegel, Bessemer, and fine irou. 

e. Tbe Uermanns SmeltiDg-Works oti tbe Rhine, uear Neuwied, also 
connected by a branch line with the Bbenish Bailway, has at preaent 
only one blast farunce in operation ; two others are, however, in ooons 
of coustrnction. 

d. Tbe Bendorf Smelting-Works with one blast-furnace of nn older 
pattern, are at present not in operation. 

e. The Johannes SmeltiBg- Works, formerly the property of tbe Gct- 
man-Dutch Joint-Stock Company for Smelting and Mining, near Diiis- 
barg on the Ebine, prodnce daily, in four blast-furnaces, from about 140 
to 100 tons. The conatractiouofsis more fnrnaces has been commenced, 
and the works are in connection with the Hheni^h and the Bi-rgiMcli- 
Milrkiach Railway. 

These works have also 140 ctike-oveus in operation, and 1:^0 more iu 
coarse of construction, 

Krnpp'a smel ting-works produce, accordingly, at the present Umis 
with eleven blast-furnaces, nearly 10,000 tons pig-trou per mouth, 

60, Catalogne and description of the oitjecta exhibited : 

(I,) One cracible cast-stdtel block, (1,300 crucililei« each cooUiuiDg 
abont CO ponnds,] 54 inches octagonal, weighing i>2,o00'< = SH^ tons. 

This casting, originally cylindrical, has been reduced to the ures- 
ent octagonal form by forging onder a 50ton hammer to illustrate tU< 
malleability of the material. Cuts were made iu four different plaoO^ 
while in a red-hot state, to show, when broken off later, the deiisi^ 
and soundness of the cast steel. This block, of gun-metal qunlit^v 
intended for the body of tbe gnn of 37 "" {14 inches) caliber, and reoeiVi 
the required form by further forging. 

In London, 1851, the firm exhibited a crucible cast-steel block, wei^ti 
iug 3,250''. = 2^ tons, and received the only council-medal awnnleil ii 
the caat-steel department; in I'ans, 1855, a block of 10,000*. = JJ 
tons; in London, ISCa, a block of 20,000^. = 20 tons; in Paris, 18tf' 
a block of 40,000''. = 40 tons. 

All articles produced in (he establishment, with esception of the di« 
wheels and crossings, which are cast in molds, are forged and wroti^b 
by tools from similar more or leas heavy castings of circulni' i3rosfl-*0* 
tion. 

(2.) One locomotive straight nxle of crucible cast steel, in the ror^^" 
state, (jKittern of the Xortheasteru Ruilway, in Switzorland.) 

(3,] One forged teudur-axle of crucible cast »teet, (pattern of tbe 8a0*< 
railTvay.) Tbe body of this axle is forged complete under the hataniBrr 
and requires no further workmanship. 

(4.) Six carriagc-iixles of crucible cast steel, forged according 10 Uf^ 
dimensions approved by the German railway)!. The body is. in tfc^ 
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manner, furged complete iiiulcr tbe liauimer. PfotUictioii iu 1S72 
of ontnoanted axles iu the forged tviitl flitished stfite, 16,4 jO axles. 

The first exC«ii8ive trials witU Krupp's cast-steel axles were wade in 
tbe year 1830, at Borsig'a works, Berlin, by a coioinissioii aiipoitited at 
H meetinj^ of German railway-engineers, (pamphlet by Land ban meister 
Dlhm, Berlin, 18r.O, prinUid by J. Petsch.) Although the trials were 
very favorable. Knipp's cast-steel as^os were not generally adopted until 
tliK year laiil and ISQ'2. The prodiiution increased, hotvever, rapidly, 
wtluit tho firm mtpplied, in 1865, more tlian 11,0(};>, while the supply 
daring I»»t year (1872) exceeded 1G,000 axles, 

(5.) Two an welded ringaofcmcible cast steel, forged from solid blociis 
by making a cut in the middle and opening them out under a hammer, 
la aocordauoe with this method of manufacture, patented by the hroi 
ial853, the railway-tires receive the reiiuired dimensions and sections 
by rolling, as shown by — 

(C.) Two samples of tires, ready rdlled and complete up to turning. 
AIbo, one tire ready turnetl. Production iu 1872, more than 4j,0UCI tires. 

Up to the year 18o3, only weldediron and fine-grained iron tires were 
manufactured. Krupp's establishment was the first that introduced the 
anvelded onststeel tires for use on railways, and caused them to be 
ftcnemlly adopted. Since the expiration of the above-named patent, 
tbi« method of manufacture has, iu principle, been imitated by all works 
Rtanofactaring cast-steel tires. 

(7.) Two nnweldcd angle-rings of crucible cast steel, for steam-boilers, 
nude in the same manner as the tires. 

(S.) Two coupling-rods and two connecting-rods, forged from crucible 
cant steel. Pieces of machinery of this description are supplied by the 
works in the forged state only, as here shown. 

(0.) Four piston-rods, forged tVom crucible cast steel. (P.itteru of 
Ihe Central Railway, in Switzerland.) 

(10.} Two slide-bars of cracible cast steel, iu the forgeil state. 

(11.) Two pistons, forged from crucible cast steel. (Patttini of the 
Sicdersclilesisch-Miirkisch Railway.) 

(1-.) One locomotive craiik-axle of cmcible cast steel, with single, and 
^e with double-bearings. Both axles are in the tinishod statu. 

'nuffio c*ank-axles, which were supplied to the French Orloaus Bail- 
*>J' dnring 18.57, 1858, and 1850, have, up to the present year, run over 

Ml,00(l kilometers, (3I3,<H)0 miles,) and are still in good working order. 
(13.) Oue locomotive eccentric crank, and one driving-wheel crauk, 

Iwib of crucible cast steel, in the finished state. These pieces of ma- 

diiin'ry are supplied by the works in the rough-turned or finished state. 
(U.) One sot of locomotive and tender axles, pattern for engines U. 

'Vuf Hie Northeastern Railway, iu Switzerland, consisting of — 
<!■ t>ue driving-axle of crucible cast steel, ready fitted with tires, 

fnii\% of same material, spoke-wheels, nave included, of wrought iron, 
"Wtiron coniit<>r-weights. Weight, 3,160^ = about 43 cwt. 






74 VIENNA IXTEKKATIOSAL EXHIBITION', 1871 

b. Two couptiug-axles of crucible cast steel, reajj fitt^il witU tti^ 
and craok-pins of the same material; spoke-wlieels, uave iiiulutletl, of 
wrou(;tit iron, and coHt-iroo counter- wutglits, Weight of each, l,9t>U* = 
about 38 cwt. 

c. Two teuder-axles of crucible oast steel, body forged, ready fitted 
\Tith tirenof same uiateiial, and siinlte-wheela, nave included, of wniiigbt 
iron. Weight of each, l.'^OO" = about 24 cwt. 

Prodiiction iu IST^ofcompletesctaof locumoUveand tvudcr-nxlvs, 47^ 

(in.) Two carriage- ax lea of crncible cast steel, body fo^g1^d, resd; 
litte<l with tires of samo material, and spoke-wbeels, uave incladed, of 
wrought iron. Weight of each 950" = about 19 cwt. 

Axles and tires according to the diiuensious approved by the Oeranuii 
railways. 

Protlnction iu 1872, 4,650 sets. 

(16.) Two carriage-axles of crucible c;ist ste<>l, ready fitted wi' 
wheels, cast in tuolds, of same material, Wei^'ht of each, 1,01 
aboDttiU cwt. 

Production in 1ST2, 4,340 setK. 

(17.) A collectiou of spring-st^el fraeturoa and cross-sections of 
»teel. This steel ia supplied iu bars of aiiy section Dot less tlinn 10°" 
thick and 05""" wide. 

Production in 1872, 3,000,000" = about 3,000 tous. 

(See fractures and cross-sections under No. 2(1.) 

(18.) A coUectiou of ca8t-steel springa for locomotives, tenders, and 
carriages : 

a. Two locomDtive-spring4 with ten flat leaves, welded links, ttoA. 
bored bolt-boles; two of the same with 14 Hat leaves, with wel<le< 
links and bored boltholes. 

/*. Two colli si on -springs with flat leaves; one with 13 ribbed leave 

II. One tender spring with 9 flat leaves. 

(i. Otie passenger- carriage spring with 5 ribbed leivvcs aud rollc 
eyes; one with flat leaves aiid rolled eyes; one with 7 Hut teAV« 
and welded eyes. 

It, One luggage-wagon spring with 5 flat leaves and rullod eyes ; CM 
with 6 ribbed leaves and rolled eyes; four with 7 ribbe<l leavas MK 
rolltMl eyes; four with S flat leaves and rolled eyes, 

Produetion in 1872, 3S,000 springs. 

(19.) One reversible double crossing of crucible cast steel, east iu- 
mold and ready to be laid down. ( Pattern of the Cologne-Uiod^ 
railway.) These crossings bavc beeu introduced on mmy German, 
transatlantic railways. 

(20.) Bessemer-steel rails: 

The manufacture of these rails is illustrated by a Besseinf^r ca^tittfj 
which octagonal blocks are forged, as isliowu by llie exhibited 

These blocks then receive by rolling the r«()nired form for rullfli 
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section; two rail^ rolled in this uiauuer, the ends of which are not cut 
off, are also exhibited ; two rails ready cut and punched according to 
the Cologne-Mi nden section V ; one for CologneMinden switches; one 
for Oberschlesisch switches. 

The annual production of the works of steel rails has increased from 
100 tons to 50,000 tons in 1872. This increase is no doubt the best 
proof of the favorable results obtained from the use of steel rails on 
railways, and it may be assumed that these rails are now generally in- 
troduced. 

Besides the manufacture of steel rails for locom.otive-railways, the 
manufacture of those of smaller sections, from II to 22 pounds per yard, 
for mining purposes, has also considerably increased. 

Production in 1872, 2,000 tons. 

Here follows a collection of rail-fractures of different kinds. 

(21.) Two switches of Bessemer steel, (section of the Oberschlesisch 
and Niederschlesisch-Miirkisch R.iilways,) ready planed, as same are 
supplied by the works, also in the finished state. 

(22.) One double crank-shaft of crucible cast steel, forged also from a 
solid block and finished, for a transatlantic steamer. Weight, 9,000^ ; 
length, 7.650°» ; diameter, 0.38*". 

(23.) One trunnion-hoop, un welded, of crucible cast steel, in the forged 
state. 

(24.) 2 pressed sides for field-gun carriages, of cast steel, 6" "" and 10""" 
thick. 

(25.) Kolls and rolling-machines: 

The rolls and rolling-machines exhibited illustrate the most usual 
faring and dimensions used in this branch of manufactory, one of the 
<>i(]est of the establishment. 

1. 1 pair of rolls, A, 65 by 40' 

2. 1 pair of rolls, B, 78 by 62"" 
S. 1 pair of rolls, C, 157 by 105' 
^ 1 pair of adjusting-rolls, 95 by 148' 
S. 1 pair of rolls for mint purposes, 210 by 210' 
€3. 1 roll for manufacturing percussion-caps, CI by 72""\ 
^. 1 pair of rolls, polished, 420 by 462""". 

1 pair of rolls, to be engraved for rolling spoons. 
1 pair lace-rolls, polished. 
l-O. 1 rolling-machine. A, with rolls 65 by 40"'". 
1 X. 1 rolling-machine, B, with rolls 78 by 52 ""'. 
1 rolliog-machine, C, with rolls 157 by 105"'". 

For goldsmiths : 
1 tinsel-rolling machine, 157 by 52'"^'. 
14. 1 lace-rolling machine, 40 by 210 to 58 by 126"". 
All tolls being hardened, excepting those for rolling spoons. 
126.) A collection of fractures of hardened tool-steel, as well as various 
, . otiier fractures of manufactured articles, such as axles, tires, crossings, 
i iDd disk- wheels ; mint-dies with polished surface. 
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(27.) A series of varioos classes of ore, pig iron, and pig-steel iron^ 
from the mine.s and smelting-worksof thefirm, used in the manafactare 
of steel. 

Gl. Artillery material, — Tlie guns are manufiictared from crucible cast 
steel, of a quality especially adapted for the par{x>se, and are, those of 
the smallest calibers excepted, constructed according to the built-up 
system. All guns have Krnpp-s round wedge. 

The naval and coast-gun carriages are generally manufactured from 
wrought iron ; only particular parts, such as the axles, axle-trees, cylin- 
derSy and piston-rods of the hydraulic buffer, and the slide-rollers of the 
coast-gun carriages, being made of cast steel. Cast iron is only used for 
small truck-wheels. 

(28.) 30i*=°* gun on coast carriage. — Caliber, 305="^; length of gun, 
6.7'-; length of bore, 5:77"*; weight of gun with wedge, 36,600^; pre- 
ponderance, 0. 

Tlie gun has 72 parallel grooves, with -Lo"^'- width of lands, and a uni- 
form twist of 21,79'™ in length. 

Weight of charged steel shell, 29G^; weight of charge, (prismatic 
l)Owder,) 60*^; initial velocity, 465". 

Weight of charged common shell, 257^; weight of charge, (prismatic 
powder,) 50*^; initial velocity, 460'=. 

The carriage is intended for earth-parapets of 1.9^ height, and has a 
height of 2.380"', To check the recoil, an hydraulic buffer is used. The 
running-out of the gun after discharge is self-acting. 

The projectile is lifte<l by means of a movable crane with windlass, 
which is arranged on the right-hand side of the slide, and brought on 
to the bottom of the gun. 

The elevation (-f 17^, — 7^) is taken by means of a toothed elevating- 
arc on the up])er part of the carriage. For training, the end of the slide 
is provided with a chain-gear. 

By this apparatus the gun can be very easily and quickly served. 

To run-in the gun, a rope-windlass may be placed, if necessary, on 
each side of the slide behind. 

Kilograms. 

Wei;;ht of carri.ige 5, 650 

Weight of slide 15, 350 

Total weight 21, 000 

A 30V '" s^wi of the foregoing descriptioa was trie.l in the month of 
February, 1873, in the preseneeof a commission of Prussian and Austrian 
artillery ofiicers, with 5 rounds of 20^, 7 rounds of 40*^, 6 rounds of 50^ 
207 rounds of G0% 5 rounds of 6o^ ; charges of prismatic powder, and 
with solid shot weighing from 300 to 305^ The gun was after this 
trial, with exception of slight gutterings {Au^brennungen) in the 
chamber, perfectly uninjured and ready for further trials, which are to 
take place on the lately-acquired practice ground of the establishment, 
7,000"' in length, as soon as it can bo properly prepared for the purpose. 
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The carriage was, at the cud of the trial, also uninjured, excepting a 
very trilling crushing of the points of the wedge-rails on the girders of 
the slide. 

(29.) 28*"° howitzer on coast-carriage. — The gun is constructed for be- 
in^ placed in coast-batteries. Caliber, 280°"" ; length of gun, 3,200"' ; 
length of bore, 2,520'"; weight with wedge, 10,000^; preponderance, 0. 
The gun has 72 parallel grooves, with 4.5""" width of lands, and a 
aniform twist of 11.2"*. 

Weight of charged common shell, 199^ ; maximum weight of charge, 
20K The carriage of the gun admits of an elevation of 75^. 

The carriage differs from the coast-gun carriages principally in that 
the whole of the under face of the slide lies in the platform on tiring, 
80 as to extend the impact of recoil over a larger surface. For training, 
the slide is placed upon rollers, for which reason the rear slide trucks 
are put on eccentric axles. 

The projectile-crane, training-gear, hj-draulic buffer, and self-acting 
running-out apparatus are the same as in the other coast-gun carriages. 
The elevating- gear is also similarly constructed. 
Weight of the whole carriage, 9,220^ ; height, 1,G75'». 
(30.) Short 26<=" ship-gun on battery-carriage.— Caliber, 2G0'""' ; length, 
5.2" ; length of bore, 4.420*" ; weight of gun with wedge, 18,000^. Pre- 
ponderance, 0. 

The gun has 04 parallel grooves, with 4.25""" width of lands, and a 
uniform twist of 18.2"'. 

Weight of charged steel shell, 181^; weight of charge, (prismatic 
powder,) 37.5* ; ini^.ial velocity, 450"'. 

Weight of charged common shell, 159^; weight of charge, (prismatic 
lK>wder), 30*^ ; initial velocity, 450"'. 

This gun has a carriage for use in a broadside-battery of iron-clads. 
The carriage differs from the former ship-carriages for similar purposes, 
principally in that the hydraulic buffer and apparjvtus for self-acting 
running-out are contrived similarly to those of coast-gun carriages. 
The hydraulic buffer is so arranged that the gun, with tlie upper part of 
the carriage, can be retained at once on any part of the slide. 

The training is effected by a cog-wheel, which works into a cog-racer 
in the deck, and is moved by a worm-wheel, so as to dispense with an 
eai)ecial brake to retain the gun in the required direction. For eleva- 
tion, there is arranged on both sides of the gun a cogged elevating-arc ; 
both are, however, moved simultaneously from the left side of the car- 
riage by a band-wheel. In order to relieve the ship's side in firing, the 
recoil is partially received from the grooved rollers by ribs on the up[)er 
face of the deck-racers, and from a strong hook, which ties tlie fore part 
of the slide down to the strong projecting lip of the front racer. 
Total weight of carriage, 8,750* ; height, 1,220'". 
(31.) Long 24«°» gun on battery-carriage for casemate-ships. — Caliber, 
235.4""; length of gun, 6.23™; length of bore, 4.54'" ; weight of gun, 
with wedge, 15,500^; X^^P0i^<l^^<'^QC^9 ^- 
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The gun has 32 grooves, whose breadth increases toward the breech, 
with a width of lauds of 3.9'"°» at breech and 7.85"°™ at mouth. The 
twist is uniform, of 16.48"^ length. 

Weight of charged steel shell, 135^ ; weight of charge, (prismatic pow- 
der) 2V^ ; initial velocity, 430"'. 

Weight of charged common shell, 118.5^ ; weight of charge, 20'' ; ini- 
tial velocity, 424'". 

The gun is mounted on a battery-carriage for casemate-ships. Owing 
to its position in one of the obtuse angles of the casemate, so as to be 
capable of firing through a broadside and a bow or stern i>ort, it was 
necessary to make arrangements for a change of ports. This is done 
by means of a turn-table, on which the gun rest^ with the middle slide- 
supports and the rear slide-rollers, after the fore slide-rollers have been 
lifted correspondingly by an hydraulic lifting-jack, fixed under the slide 
for this purpose. To facilitat-e the unshackling of the pivot-bar outhe 
change of ports, it is divided, and at the joint an easily removable bolt 
is put on. 

To cheek the recoil, the carriage is provided with an adjustable plate* 
compressor. A chain running-in-and-out gear is applied on both sides 
of the slide-end. For training, the pinion of the cog-racer is moved by 
the same cranks which are used for the above-mentioned chain-gear. 

The elevation is taken by means of a cogge<l elevating-arc. 

Height, 1,195'". 

Kilograms. 

Weight of carriage 2, 344 

Weight of slide 5, 466 

Total weight 7, 810 

(32.) Long 21*^™ gun on coast-carriage. — Caliber, 209.3™"* ; length of 
gun, 4.708'" ; length of bore, 4.106'" ; weight of gun, with wedge, 10,000*; 
preponderance, 0. 

The gun has 30 grooves, whose breadth increases toward the breech, 
with 3.4""" width of lands at breech and 7.3"'"' at mouth. The twist is 
uniform, of 14.23"* length. 

Weight of charged steel shell, 95^; weight of charge, (prismatic pow- 
der,) 17^ ; initial velocity, 430'". 

Weight of charged common shell, 79* ; weight of charge, 14* ; initial 
veloeitv, 430"'. 

The gun is mounted on a coast-carriage of a description similar to that 

of the 30A<^'" gun. 

Height, 2,015"'. 

Kilograms. 

Weight of carriage , 2, 090 

Weight of slide 5, 110 

Total weight 7,200 
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^33.) 21"" siege-gun, witli slWe-carriage,— Ualibor, 200.3""° ; length of 1 
gun, 3.400'"; leiiglli of bore, i*,910"'; weight of gun, witli wedge, 3,900* j [ 
Itrepduclorance, 0. 

The gmi has 30 grooves, whose breiKlth iiicieasea towartl the brecctit 
rilh 3.7""" width or lauds at breech and 7.5™" at mouth. The length | 
_ot twiHt is IS.Sfi'". 
pWeight of charged coiiimou ahell, 70^ ; weight of charge, (prisuiatac \ 
frder,}fl.5*; iuitial velocity, 300'". 

) carriage tor this gun is a short slide-oarriage, in all essential 
Ipta vimilar to the coast-carriages. The slide, wheo iu batterj*, rests 
wnt on the pivot-block, behind on two rollers which can be moved, 
fr the purpose of training, by means of handspikett. The cogged ele- 
Tating-arc a^lmits of 27^ elevation and GP inclination. Tim project- J 
tie-crane, hydraulic buffer, &c., are similar to the coast-carriages. This i 
gnu can be made available for transport. For this purpose a strong 
axle with large wheels is placed iu the axle-supports, after the gun and 
carriage have been run in on the slide ; then the fore end of the slide in 
ntUeil by means of a lifting-apparatus, which is permanently Hxed on 
the slide, consisting of a screw with worm-wheel gearing ; and Anally 
tbo rear eud of tlie platform is limbered up. The transport rear wheels 
have a diameter of 2.01G'" aud a breadth ofO.lSO'" in the rim. The dis- 
tribution of the weight resting on bind aud fore wheels is iu proportion 
of 4 to 1. To lighten the transport- wagon, the slide-rollers may be car- I 
ried separately ; the projectile-crane may be turned over. For transport * 
by rail, the limbered-up carriage can be easily placed on a 10-ton luggage- 
wagon. The bed, made of oak beams and provided with pivot-block 
and racer, can be carried on an ordinary luggage- wagon. As soon as 
tlie gnu has been carried to its proper place over the bed in the battery, 
it is nnlimbered, and then the rear slido-rollcrs arc lowered down on the 
racer by meant* of a windlass ; the slide is afterward let down iu front 
upon the pivot-btock, and the transport axle and wheels are removed. 
Heiglit in battery, l-il"'. I 

Kilognim*. \ 

^Veight of carriage 922 

I^Hgbt of slide 1, 728 

Total weight . . 2, 650 

e limbered-np gun with side-arms weighs 8, 160 

e bed complete weighs 2, 080 

I Ijong 17'^'" gun on upper-deck carriage.— Caliber, 172.6""" ; length 
4,250"'; lenglii of bore, 3,780'" ; weight of gun with wedge, 3,600^; 
ulcfftiieo, 0. 

i parallel grooves, with 3.5""' width of lands, and a nni- 

a tPeight of charged steel shell,iiu''; weight of charge, (prismatic powder,) 
velority, 400'". 
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Weight of cUnrged common shell, 45*; weigUt of diargi?, [pri( 
powder,) 10''; initial velocity, 405"". 

Tlic iipper-ileck carriage for this gun 13 to be placed in tlic bow or 
stern of ironclads, and provided witli contrivances so as to ba moved 
easily and quickly into a rear position. To check the recoil, a piste- 
compressor is nscd. For training, the slide, which nsnally rests on Uie 
snpporta, is pliiced on the rollers, for which purpose the roiir sliiie-roUeri 
are mounted eccentrically. 

Height, 1,020"'. 

liiliigmu. 

VVcight of carriage 1,2JS 

Weight ot elide 2, ^ 

Total weight 3, WO 

(35.) 15°" siege^gun on wheel-carriage. — Caliber, 149.1""" ; length Bf 
gun, 3.44'"; length of bore, 3,040™; weight of guu with wedge, 3,000»j 
preponderance, 1"' from the trunnion, 25". 

The guu has 36 grooves, with 3""° width of lauds at breech and 5.i?°" 
at mouth. The length of twist is OJ". 

Weight of charged common shell, 28"; weight of charge, (prismatic 
powder,) O'j initial velocity, 470'". 

The carriage for this gun is constructed as a wheel carriage* The 
brackets are made of plates and angle-iron. The elevating-screw admtta 
of 35^ elevation and 5° inclination. As a peculiarity in this CRrri^e 
may be named the hydraulic bufler, which, on discharge, checks the 
recoil to about l" or less. The buffer-cylinder can be moved vertjfr 
ally, being fastened to the brackets at one-third of their length from 
behind. The piston-rod can be moved vertically and horizontally, by 
means of a pivot-bolt connected with an anchor, partly imbed<le<I in the 
p;irapet. 

Height, liSaO"; weight of carriage, 1,845*. 

(36.) Long 15'''" gun on ship-carriage, — Caliber, 149,1 ; length of gQOy 

3.85" ; length of bore. 3.43" ; weight of gun with wedge, 4.0O0'' ; prepon- 
derance at tbecommencement of the rounding of the wedge, 

The guD has 4S parallel grooves, with 3""° width of lands and ft.'" 
length of twist. 

Weight of charged steel shell, 35" ; weight of charge, [prismatic |»0W' 
der,) 8' ; initial velocity 4G0 . 

Weight of charged common shell, 28"; weight of charge, 6.5" ; initial 
velocity, 405'". 

The carriage of this gun is made for broadside use on sloops of ina 
and similar vessels. It is a slide-carriage. To check the recoil, a plate- 
compressor is used, and a breeching as reserve. The elevation Is effected 
by a cogged elevating-arc, and the training by means of tackles, for vlildi 
side-eyes are provided on the rear cud of the slide. The slide restsnsn- 
aliy by supports on the racers; ior training, it la lifted upon the rullew. 

Height. O.nfio-. 
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Kilograms 

tVeight of carriage 1,606 

rVeight of slide 935 

Total weight 2,440 

(37.) 12*^"" gun on shipcarriage.— Caliber, 120.3""" ; length of gun, 2.925" ; 
ength of bore, 2.602"* ; weight of gun, with wedge, 1,400^; preponder- 
uice, 100>^. 

The gun has 18 grooves, whose breadth increases toward the breech y 
jrith 2.5""" width of lands at breech and G.5"'"' at mouth. The length of 
twist is 8.42™. 

Weight of charged steel shell, 15.5^; weight of charge, (large-grained 
[)0wder,) 3.5^ ; initial velocity, 450"*. 

Weight of charged common shell, 15.5^ ; weight of charge, (large- 
gn^ined powder,) 3^j initial velocity, 460™. 

The carriage for this gun is a wheel carriage constructed for the main 
or upper deck of small vessels. To check the recoil, an hydraulic buffer 
is applied, similar to that of the 15*"* siege-carriage. The buffer-cyl- 
inder, movable vertically and horizontally, hangs on the pivot-bolt ; the 
piston-rod is fastened to the carriage. A strong breeching is provided 
as reserve. The carriage rests usually on four rollers ; for training, the 
rear rollers, which are mounted eccentrically, are lifted, whereby the 
weight is transferred to a training-roller. 

The elevation is taken by means of a cogged elevating-arc, which ad- 
mits of -f 150 and —10^. ' 

Height, 0.900*" ; weight of carriage, 895^. 

(38.) 9<^°» field-gun with carriage.— Oaliber,91.5™°» ; length of gun, 2.040°^ ; 

length of bore, 1.819™; weight of gun, with wedge, 425^; preponder- 
ance, 50^. 

The gnu has 16 grooves, whose breadth increases toward the breech- 
with 2.5"™ width of lands at breech and G.S™" at mouth. The twist 
is 4.53". 

Weight of charged shell, 6.9^ 5 weight of charge, (cannon-powder,) 0.6*^ ; 
initial velocity, 322". 

The gun carriage has riveted wrought-iron brackets. Weight of car- 
riage, (without accessories,) 646^. The elevating-screw admits of an ele- 
vation of +15A^ and 8^. 

(39.) 8«"» field-gun, with carriage.— Caliber, 78.5"""; length of gun, 
1.935™ ; length of bore, 1.728™ ; weight of gun, 295^ ; preponderance, 70^. 

This gun has 12 grooves, whose breadth increases toward the breech, 
with 2.5™™ width of lands at breech, and 6.5™™ at mouth. The twist 
is 3.62™ long. 

Weight of charged shell, 4.3^; weight of charge, (cannon-powder,) 
0.5^ ; initial velocity, 357™. 

The carriage for this gun has also riveted brackets. Weight of car- 
riage, (without accessories,) 460^. The elevating-screw admits of 13| J^ 
elevation, and 8^ inclination. 
I 
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(40.) 6"^'" inoiintaingUQ oc carriage. — Galil>er, 00"""; leiigtii of 
1.250'"; leugth of bore, t-lSO""; weight of gnu witb wedge, 107''; pttpou- 
dernnce, 14". 

This giiii baa 13 parallel grooves, with 3™'" width of laada ami 2.10" 
leugth of twist. 

Weight of charged shell, 2.3" ; weight of charge, 0.2* ; initial velocity, 
300™. 

The carriage has wrought-irou brackets, cast'St«el axle, aud wood^u 
wheels. On the naves of the axle there are conical friction-braUea. 

Weight of carnage, 109" ; height, O.CBi)'". 

The elevatiDg- screw admits of 2P elevation iind 10^ iDcUoaiii 

(Jl.) Ammiiuition: 

(a.) Shells. Forged of crucible cast steel for every one of the exbtk- 
ited guns; both whole ones aud cross-sections. 

[b.) Common sheila of cast iron for all exhibited gnns ; some in cross- 
sections, all with complete p'crcussion-fases. 

(c.) Models of cartridges and of prismatic powder. 

The specific weight of the prismatic powder is, for the 2^'"', 28™t 
and 30J'"'gnn3, from 1.T2 to 1.76; for those ol' smaller calibers, from 
1.62 to 1.C6. 

62, BuTTGENBACH'a BLAST- FU EN ACES.— The brothers Conrad ami 
Franz Bnttgenbach, of Neuss, in BhenisU Prussia, exhibited a model 
aud drawings of their new method of constructing blastfurnaces, pat- 
ented in Austria, France, Belgium, England, and America. The niod«1, 
about 4 feet high, ia very perfect, and is sold to the Imperial Mining^ 
Museum at St. Petersburg. Inasmuch as Mr. BuCtgeubach presented 
with the model a full description of his Ainiace in print, and reported 
specially ni>ou it to the Iron and Steel Institute, I prefer to present it 
in full in his own words: 

" In 1850, 1 undertook the management of the Nenas Smelting- Wort*, 
sitnale on the Lower Rhine, Ithenish Province, aud there I found a bigh 
blast furnace, then jast recently erected, which had not yet been in 
active operation. 

"An engineer, late of the Liegen district, who had seen all the blast- 
furnaces of that part of the country set up against ateep hills, snppllett 
with raw materials brought up to the refjnired level by means of e&ttM 
and wheelbarrows, and having steam -bijileis and air-heating apparatus 
mostly on a level with the furnace-mouth, when charged with the daty 
of sketching out a plan for the work above mentioned, in his iiiHbiUty 
to free himself from the influence of this (old-fashioued) notion, octnally 
projected and caused to be built on a level plane a stack of masonry 
measuring 40 feet square at its base, by 40 feet in height, rising [»«pDii- 
dicnlarly. 

" At the center of this stack was placed the blast furnace, its IirarUl 
being nccessihle only by means of very narrow ombrasares; apon tlw 
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^Hjmorui or tlio furimcc-niontlt two steam -boik'n; havo been erected, as I 
^^bU tM a UntuglitHtie, the idea being, probably, that the descent waft I 
^B> take place contrary to the natural tendency of Che gases. 1 

"This Btaek being altogether too bulky for me to attempt to remove J 
it bodily, I simply contented myself with clearing away as much of it at | 
liosHible round al)ont the hearth, and in siich comlitioQ as I then brought J 
it to, our blast-fiirnaco has been continuously at work ever since IStJOJ 
under luy management. The ditliculty of working with a fnroaco stmi- 1 
Utrly blocked in, but more especially the fact resulting from the esperi- 
eiices of two or throe years' operations that the fire-proof facings bad 
completely worn away, im])clled mo to attempt the construction of a 
blast lurnace, the heart of which should he readily accessible on all sides, 
and following up thia idea, 1 built up at our works a blast-furnace 50 
feet high and 17 feet in diameter at the boshes. I 

** In justice to my brother, a metallurgical engineer, I mnst not here J 

IBft to stiite that, in elaborating and finally determining upon my plaDS^a 
had the advant4igo of his suggestious and valuable advice. I 

*' In I8G7, a model of the above-named blast-furnace was exhibited in * 
aris, and I had the satisfaction, not only of being complimented upon 
iny idea by a great number of engineers of every nationality, qualilied 
lo express an opinion on the subject, but of having conferred upon me, 
nwlse, the distinction of an honoriihle mention on the part of the Jury 
Btbo exbibitioD. The articles contributed to the Reriie Induslrielle of I 
B exhibition of IShT by Professor Jordau, who occupied the chair of I 
lllnrgy at the Ecole vcntrale in Paris, have brought my system into 
e in l-'rance. Siuce 18fi7, six French iroumasters have adopted my 
tern, and have constructed 9 blnst-rurniices from my plans and in 
grdance with my guggestions. Both in Germany and Austria my i 
[em has likewise been introtlnccd with success at several irouworka. 1 
^ The fundamental idea of this mode of eunstructiou and the advan- 1 
K of the system may be anmrnod up as follows, viz ; I 

|*]st. The mason-work of the stack is quite independent of the blast* J 
a proper. I^ach ring or course of bricks constituting the heartbf J 
ibeSf iintl inside wall is readily accessible and free f^om any casing, I 
B regards a small portion, measuring from 3 to 4 feet in lieigbtf I 
ftlbo widest section of the blastfurnace. I 

f Consequently, the whole of the above several parts are^complctely J 
■ iuhI easily reached for any purpose required, ovenjwhile the fur- 1 
bIb iu active operation. This feature conduces to the duratiou of I 
B (amnce, for in case of need any injured part cin be repaired, even I 
when the fprnnce is at work. I 

" 2d. The inside wall and the upper part of the boshes being cooled by I 
the Atmosphere having access thereto, they remain iu tbeir^normal coo- I 
Hta^D without wear, and do not become unduly heated ^at , any time, I 
^Bhib Lbcreforc, indefinitely kept in a statu of preservation, since there I 
^BRkroocurs n fuHion of materials at this height. m 
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"M. Tbelieartb, autl tlie lower partious of the bosUos, beiug apttt 
suBer afti^r a ct^^rtnin time, from the desCructivQ Action of tliu materiaU 
1 a melting 8tat«, may be replaced witUoiit any diflicnlty wliatever 
<n-liil6 the work is going nn, so th»t there is no occasion to Apiirebend 
any extinction of the firoe so long ns the in-wall is not ileatioywl. If 
putting out the fires fibould :tl utiy time become uecessary, liie hearth 
and the boshes could be renewed without affecting the in-wall in- 
jurioualy. 

"4ih. I^ach particnlar hrick being accessible duriug the working of 
■ the furnace, and the progress of the fire easily ascertairied, corrosions 
can be obviated by cooling down with water throwu ou tho several 
parts, or by means of water-iessels or tuyeres wherein the water circa- 
lates placed within these parts as far as the inside of the 
whereby the wear and tearcau be checked. 

^'5th. The utilization of the gas at the furnace-moutli can be 
aged as to make it yield the best resnllB. The pillars siipportii 
platform of the furnace top are gas-pipes, and drop into Khevt-trra 
vessels fixed to tlie snmmit of the base of the stack, where it slopes 
away. These vessels are open on one side, so that when tilled with 
water up to a certaiu height, they can be shut down by means of a valve, 
inenguring a few centimeters square. The gas issuing forth oat of tho 
furnace-mouth finds its way into these receptacles, aud in its passage 
through them travels over a large surface of water. Here it deposfta 
the dust, while a great part of the water suspended iu tho ga», in a state 
of vapor, is condensed. Consequently, the gas reaches its destination Id 
a highly-purified condition, and may yield the very best results in those 
parts where it is desired to make use of it. 

"Tho arrangement of the said water- receptacles allows of the with- 
drawal of the dust or grit deposited while in full workiug, and in tb« 
event of an explosion, the area of from five to six millimelent of Uw 
water-column paralyzes, as though it were a gigautic valve, any iqjn- 
rious effects. In point of fact, instead of dreading we rather wish tm 
explosious from time to time, i^iuce they serve the purpose of clearing 
oil' the dust aud grit that may still be clinging to tho inner walls of the 
pipes. Moreover, there is the advantage of confining these subafdinr; 
appliances to a spot ou the works which does not in any way interfera 
with tlie general progress of the manufacture. 

"Cth. The gas-pipes being supporters also of the platform surnnind- 
ing the furuace-moulh or top, render the said platform indL^peudent of 
the blast-funiace proper, and that without involving any special outlay. 

" In the first days of this erection, critics expressed a fear that thfl 
chillingof the parts thus exposed in this blast-furnace would be achtered 
only iit the cost of a greater consumption of fuel, But, contrary to 8Ucfa 
apprehensions, experience has amply shown that blast famnccK, Ifae 
brick-work of which at the core is in direct contact with iho oulL<rair, 
use less fuel than do those that are protected l>y strong masoD worfc^l 
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tin by DipHiiR of a second inner casing with a lining of Hbmjt-ironfV 
i the oitiuloii expressed by uie from (lie very lie^iuniiig ex|)laia3 tliia | 
For, id i>oiiit of fact, a blast-fiiniace should form iit its lower 
a. Hineitiiitx-crucible, aud it is generally known tliat every expedient 
labia is brought into use for tlio purpose of cooling I be walls of this 
rtlon of the Rtrncturo. Tlie boshes are a kind of retort, whereiu the 
ons [h rt'duecd by muaris of its routact with the fuel, aud tlio iu-wall is ^ 
Uk« unto the neck of a retort, and in which the ore is prepared by the I 
^aeUnn uf a moderate beat and contact with the reducing gases. I 

^^k>'If the ore sinking into the iu-wall section requires a spongy eondi' I 
^^HD, and conuDues in this condition without nudergoiug semifuHion, i& J 
^^■qoilc obviouH that the effect produeed by the gaa must be inQnitely- , 
Srentcr, nud that the ore innst descend into the zones of the boshes and 
of (he liearth in a much better state uf preparation than if the heat of 
tlie iu-wall had jiartially converted it into cinder, so that tlio renbicing 

IMP mtiHt pass on, incapable of action upon sucU ore, except superll- J 
Wly. The ore, tfana brought into a better state of preparation, must of ~| 
Mcesflity require less fuol in order to its perfect fusion. I 

liMMoreover, in the event of cinder being formed at the in-wall zonefJ 
nrtll wibere to the walls and produce ooucietious, which always impedft I 
p6 proper working of a blast-furnace. Wlieu the ore siuks with regu- I 
ority the smelting process is facilitated, whereby a further saving of I 
{anl is cEfected. I 

"The trnth of the foregoing assertions has been fully establisbed by I 
tbe experience of eigbtyears' working at our works. Concretions have I 
u«ver been noticed, and tbe proportion of fuel required for the f'uruace, I 
coUKtructed upon llie new principle, has always been from 10 to 15 par 1 
^■Mtt. smaller, catcris paribus. 1 

^^W' When good coke has been used, escelleut yo. 1 foundery-pig^ ba76 I 
^H{ea produced from ores yielding 33 per cent., the consumption of coke I 
^THngin the ratio of 11 parts to lOpart of pig, at a temperature of SJOo-l 
cenilgrude, under blast, while in tbecaso of white pig it is one part less I 
Ofgoodooko to every part of pig. Touching the fears entertained of I 
online chilling in severe seasons, the following facts have served to I 
dispel them in Mo : I 

"The blast-furnace at tlieXeu.ts Works has more than once been sud' 1 
tkuj^' blown out for several we*jks, owing to causes quite foreign to Ita 1 
working capabilities. Three of these suspeuoiuns occui'red during the | 
wur in the year 1S70-71, oniug to the want of fuel, and no propara- -I 
torj- nrrangeiDLmts were mailebaforeauyafthesaidsuspunHionsof work. 1 
Tbvy lasted during a space ranging between three and ten weeks re> I 
spectively. I 

^^^•*I did not touch the blast-funiiice during any of the periods of 8top- 1 
^BhfB wferred tu, tlio most prolonged of thutn occurring at a time wheo 1 
^^HBthtrmontelcr registered lU^ to LT^ C, and yet when work was re> J 
^^^Bttjlka Tarnriee did its work n^nin with surprisiug regularity. On J 
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tlie la:4t occasioti, howeTer, I was obliged to raise up tlic tDfcntt, in coD' 
sequcDCe of tUc tbickeuing of the IjoUoid stoae. 

'* For tbe last two years, tho fomace baa been blown from one meter 
aod tiRy centinietors abore tbe otiginal level. It behaves admiraUf. 
produciugas tuucbas 50,000 kilograms id twenty-foar baors. IcauDOt 
conceive of any blastfurnace coostntcted apon a different princiiil^ be- 
ing capable of withstanding the effect of eveots each as those detailed 
abore, and yet remaioing fit for work. The blast-farnace I am ileMrib- 
ing bus entered upon the eighth year of its esistence, and the coodllion 
of itjf core is sncb, as yet, that one will readily admit the almost «>«^ 
tainty of its lasting out double or three times the said tiamber ofyearSi 
considering that the bricks of the in-wall and of the bashes have, up '^ 
the present, lost nothingoftbeir thickness. This may bseisily VftriBed, 
for all the bricks coming to tbe outer air may be esamined at any mo- 
ment. Their thickness may he unerringly ascertained by piercing fcl*t 
walls with a small pin drill. Tbe walls, be it borne iu mind, are \»*A 
weak, measurinf; no more than 2 feot thickness at the base, ami IS 
incben at tbe snmniit of tbe in- wall. 

"This thickness they have notlo9tdaringaDeKUteii.ieof eight y6»r«' 
Experience has «bown, moreover, that, the core of tho furaace hei^ig 
exi>o»ed to tbe air, tbe internal heat produces hardly any effect upon t^tiB 
bricks, either by dilation or contraction. Hearth, boshes, and in-w 
were originally fastened together in tbe Neuss blnst-furnace by inei*-*" 

' of tiftt iron binders occurring at tbe third course alternately. 

"This precautionary measure appears superfluous. It is over fo*^ 
years ago since I have had the binders lernoveJ at the hearth »«** 
boshes, as well as at tho in-wall, in part; for I perceived that tl>*^7 
served no useful purpose, since the cooling down of tho bricks prcvo** * 
expausiou altogether. Indeed, the furnace in tbe parts referred tcv 
just the same as on the dny of its erection. 

" At Vienna, I have exhibited at the DeuUchcr PaciUon/ur Bergip^* 
BilHemceien, (So, 863j,) a model of this blostfuruaee, in which I h^"^ 
shown tbe deductions ni ide from an experience of the working, duri- ■^ 
a period of eightycars, ofthe first blastfurnace of its kind. 

" Tlif chief alterations introduced by way of improvement consist ' 
a diminution of the stack lo a very great extent, at that part of itwb '^ 
enpports tho in-wall ; this diminution being accompanied, however, *- 

I so considerable a sloping away from the center toward tbe rise of C-* 
bosbes, that the space around tbe hearth and the boshes bus been ^^^ 
further enlarged, so that it may bo considered as perfectly isolated. ^ 

" J have also introduced a peculiar description of closed hearth, wbfi ^ 

I admits of ordinary working, as well as working with a closed hearC 
I have been UMng this method for tho last six years with the v^*^ 

L best results. Its application is very simple indeed, and free fi:i>m t-l*' 

I objectiouabltt features of other known methods, since tbe work of tJ"* 

I bottom of tbe fumniT cm l>c performed, in ciwe of need, 

L pending upon tl . .1 n.- lur nuniin;^ oH I 
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! Leartb is closed in by a cast-iron tymp placed in the usual posi- 
CliU tymp arcb is cooled by a current of water passiag tbrongh a 
ron fixed in the cast iron. 




Fiu. 5j. — Buttgeiibncli'H binat fumnc 



;he center of this plate tbere is an aperture or orifice, measuring 
oartera of an iucb, running almost o\ er tbc entire bctgbt, and the 
-pipes are situate as near this kind of slit as may be. Tliis slit is 
ip by means of ordinary clay. A, the upper portion of the slit, 




I 



"6,leveloeuterol'tlie tuyeres; c, columns of tlie breast; <f,dRiii 
hole ; p, space between dain-^toae; tymp closed in with clay; T, ca»' 
iroD tymp, 

"The slag of the blast-furuace ascoiiiUng above the dam-stone and 
reaching the level of the tuyeres rnna oft' easily tLrou(;h n bole driven 
by meaus of a light ateel bar into the said elit} and, siuce the level of 
this hole may be altered at will, a means is thns nfforded for changing 
the level at which the slag is rnn ofi' over a range of 24 inches, which i* 
a very great advantage in itself; but, in addition to that, there is tbl> 
further facility, namely, that nothing hinders one from tajuiing tUe 
melted ore at this same slit. 

"I shall not dwell at length upon the advantages of such an arranff^ 
ment, but will simply state that during the six years, since I have l>coO 
making use of it, I have been unable to find any fault with it, and t4»*] 
in my practice it has always possessed all the advantages of the clws®* 
breast. 

" In the said model, I have also applied three rows of tuyeres, m J*^' 
of gnn-motal, overlying one another so that the upper row is two »■«*' 
one-half moters above the first'. These tuyeres reach into the intorloc 
deeply as the blast-tnyeres. By this arrangment the walls of the bea*"' 
are kept in perfect preservation, and in case of accident the blast a% **i 
be introduced through the said tuyeres, aEfordiug advantages that ir**' 
masters will bo able to appreciate without further explanations. 

"Practice has shown that this kind of blast-furnace, being readily * 
cessible on all sides and at any moment, is far more easily mana^' 
than any other system ; which fact practical men will readily admit. 

" Over and above the ad vantages above enumerate*!, there iff anotlie* 
namely, that the construction of such a blast-furnaoe must ovidentU 
be, and is, in point of fact, much less costly than that of any furnn''" 
bnilt upon another principle. It takes much leas timo to build, to Aryr 
and to fire ; in fact, it is a prnctical eincidatinn of your English provcrf ' 
'time is money.' 
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*' Let ma atld, too, that tberc ia notiiiag; to preveut tlie apiiUcatiou o 
my system to blast-faruaoe-a of all sbni^es and sizes, aud that the hirgest 
section would just be the oue best adapted lor illiiatriilttig its great ad- ' 
vnDtages, no \es», speaking relatively, than its saving qualities. 

^^ In coDcIasiou, I must say that, to my mind, this systeui is the mosti 
advnncetl in simplicity of blast-fuinace constructiou.'' 

In reply to cricioisins and objuctiona made at ttie meeting and' in tbflj 
Journals, Mr. Bultgcobach addressed a communication to Engineer''! 
iuft, as follows: 

" At the meeting of the Iron and Steel lustituto I had the pleasure 
of reading a paper about my system of blast-furnaces — a system wliich 
was illuMtiated and described in your number of August 15 last ; <iud I 
see with satisfaction tbat tills paper ia reproduced in yonr number of 
August 29, together with a report of the discussion. Your contem porary, 
(A« Engineer, has also published communications respecting my fur- 
nace, and in particular I notice an article in the number of that jonrnal 
for September 12, expressing opinions adverse to my system. Allow mo 
to say that I shall always be glad to Hud adversaries to my idea'^, as 
Ibeir opposition only gives me occasion to explain these ideas more fully, 
and, I trust, in a more convincing manner. 

*' On the occasion of the discussion of my paper at Liege, it was impos- 
siblo for me to answer thoroughly to the objections made by the mem- 
t>ers of the institute — first, for want of time, and, secondly, for want of 
safSuient knowledge of the English language. But having now the re- 
ports before me, and encouraged by the interest taken by the Kuglish 
press in my system, I think it due to those who have been present at 
tiie meeting, and to the readers of the papers, that I should reply to the 
various objections raised. 

" 1, To the objection ofllTed by one speaker, that he did not consider the 
prick-work of the base practical, and that the use of cast-iron columns 
'8 to be preferred, I have to answer that this cannot be an objection to 
ttte system as such. I exhibited my model with a base of cast-iron pil- 
"^fs, and with n base of brick-work. My experience shows, however, 
^''at a base of red bricks is entirely s^nlQdeut, and leaves room enough 
'euiid the blast-furnace to allow of even the most ditlicult repairs with- 
""t opposing the slightest obstacle. I, for my part, would never allow a 
''■^Se to be made of oastrirou pillars, the cost of the latter being four or 
^''e times that of a brick-work or masonry base, and the last entirely 
'"Ifilliug the desired purpose. The adoption of brick-work or cast iron 
'T the base is therefore only a question of economy. The base of brick- 
'''t>rk contains 100 ci^bic meters, while it costs at the Sensser Works 
"•ily l,;tOO francs, and could be constructed in fifteen days. 

'* 2, A second objection raised was that a blastfurnace of the ihick- 
0^88 of only oue brick wonid not resist the pressure of the materials in 
***"ge furnaces like those of Cleveland. 1 think that quite a false idea 
**i8t8 of this pressure. This pressure is not at all a great one, being 
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partly paralyzal by tlie state of the miiieraU, wbicli, liy tUe licftt, ate 
caaaed to adliei* more or less togetlier with tUe coke, without, liofferer, 
beiug in a state of semi-fuaiou or vitrified. 

" I have tiikeu away a good part of the bricks of the stack, fieveni 
meters above the largest section of a blast-furnace, but the mirtan 
reiaained in the furnace and allowed inn to replace the bricks I bad 
taken away without the slightest difficulty. Ou this occasion I remarked 
that the bricks bad not even lost 3 eentimeters after a campaign of wvea 
yejirs. 

"For the rest, as supporting what I hare said above, I must gUt« 
that au establishment which atlopted my system made, contrary w mj 
advice, the first blast-furnace with a base of cast-irou pillars, and after 
a few years' esperienco a second blast-furnace at tbe saiue works wjii 
constructed witli a base of brick-work, 

"3, Sext, it has been asserted that there are in Cleveland ami thi 
Xorth of England blast-furnaces with free-standing shafts. 

"I have been over that part of England, and I hare not 8oen OM 
blast-furnace where the shaft had a thickness of only one brick : thef 
hare all inside a circle of large special bricks, surrounded by a mvitle 
of brick-work, often thicker than the lining. In my furnace the single 
thickness of bricks is freely exposed to the air, aud dilatation by beat 
being prevented, I am enabled to hare a furnace without Uoops. 

" 4. One opponent admits that my arrangotneut preserves the bnsbei 
against the attacks of the fire, but it is said that one could as well repair 
bUst-furnaces such as those in Middlesbrough, which bare a Uaing and 
a mantle round this of 3 feet or i feet thickness. I do not deny tbal 
repairs are [tossible in the latter case, but certatuly they are expenslrB, 
verj- difTicult, and require mnch time ; every practical man knows that-U 
90on as one mnst go below, say 30 feet from the mouth, thisbcuomesdiffl- 
cait work, the mon> so as the mantle bides the defects of the liomg, and 
ADe does not know the state of the latter. With an entirely free shati 
on the other hand, one can ])erf<ecliy well ascertain at any time the ststB 
of tbe bricks, and can easily make repairs, keeiiing the blast-faniWA 
filled. I thiuk this is a great advantage. 

" 7. It was stated that scafiblding docs not occar, oroogtit not tooccnf) 

with very hot blast, and especially not where Whilwell's apparatu i^ 

enpktyetl. 1 am an ailvocateof high-blast temperainres, and especiaUy 

of Whittrell's excellent stoves, bnt it is not the great heat of the Uta** 

which prevents these scnSoldings; these do|>etidn[>on iheqnaliryoflfe''^ 

mineral and the coke of tbv district. jfl 

*' I ooold name works in Lasembourg where tbe bloat Is Irtl^^l 

WhttwelTs stoves, bat where, vrith the small minwol to wbitib f^| 

BBfecn*!, sucli ilangerons scafitddings bavcoccarrvd in a new hlasfrW 

^^b tbey fcand (hey slioald be forcM to blow it oat. if at tin 

^^Pi they bad had tuywcs a^-ailable 3 rarters bigbw op, th«f caaM 

«ast)y have got over tbe diffienlty. tbe marc as tbcy bad verj lirtMM 
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^'S. A« to tlio way of coudiictiug the ^ma, oue luast not forget lliat 
th miueral coataiiiiag 20 per cent, of water, and of wliiuli iwo-thirds 
istnaU, (dae,) one has to take precautions quite different to tUose taken 
OlereUtnd, where, tlioagh the ore is iu liiuiii, I have seen gas pipesof 
InI JD diameter full of top dust, aiiil which tvere cleaned with the at- 
Mt difficnlty. All these difficulties disappear by my arrangement, 
dupoclaUy all explosions are without any effect — a very important 
Uler when oue lias to do with wot minerals. 

"Enr(f«UTM<', all the objections made concern the Middleshrongli dis- 
ctonljr, bat out of this there exist others too; we, and many other 
irfcs, work with mineral of which two-thirds pass into a sieve of 10 
Us per Aqnnre inch, containing 20 per cent, of water, and which cau- 
t support any calcining, as getting too easily to powder. Under snch 
'camstances, the Cleveland iron -masterx would not have coustruoted 
Mt-fnrnacea 85 to 90 feet in height, and would have had to take other 
ecantions than they have to avoid stoppings every week, to manage 
Bdifflcuit cleAning of their gas-pipes, which would soon have Ik-cq 
led with dust. 

'• With materials as used in our district, where we use twenty different 
incrals always varying, and where coke contains as much as 18 per 
nt. of cinder, a blast-ftiruace cannot be so regular, or be so easily 
koaged aa a Middlesbrough, and there very often happen disturbances 

the smelting process. 

"The corrosive nature of the mineral containing mauganose rapidly 
tscks the bricks of the blas^furuaco, in consequence of which one 
skea everywhere preparations to prevent that, and 1 believe that the 
iwe series of tayeres is the best preservative ; for the rest, experience 
fores it. 

"The Aliddlesboro blast-furnaces endure, it is said, ten to thirteen 
MM, bat certainly they would not do so under the conditions we have 
I meet here. My blast-furnace was erected in 1S05, and its condition 
< Mill such that one will readily admit the almost certainty of its last- 
ly out doable or three times its present age. 

"Altogether, I find that the observations made by the English iron- 
Hiaters who condemn my system are too partial, the statements made 
!*dli)g as if the Cleveland district was the ouly district to be provided 
'ith furnaces, and as if the conditions which exist also existed every- 
'll»re. This, hiawever, us I havenhown, isvery far from being the case. 

"Ertiu for the Cleveland district 1 think there are some advantages 
1 my systeni which would be valuable ; at least an eight years' exjicri- 
Dceof iny fnmace suggests this view to me. I may add, too, that 
***iiteen of my furnnces have been constructed on the continent, and 
J|t work nnder almost entirely different conditions, I think this 
I ft KUllicieut reply to the sharp crilicism of the Enginetr to 
'd not want to reply in detail, uot being disposed to enter into 
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polemics with a writer who makes inaccurate statements, aad then 
founds arguments on them. 

''I did not put up my system as a new invention in every particular 
of its arrangements, but as a total arrangement it is new. As such it 
has been acknowledged by authorities, including the owners of the sev- 
enteen blast-furnaces built on my system. 

• • • • • • • 

" Neusser Ironworks, (near Dusseldorf,) 

" September 10, 1873." 

OSNABRUCK IRON AND STEEL WORKS. 

63. The Joint-Stock Company of OsnabrUck, province of Hanover, 
founded in 1SG9, made for the first time an exhibition of its prodacts 
for comparison wit?i all others in the International Exhibition at Vienna 
in 1S73. 

Of the original grand plan of these works, only that part is now fin- 
ished and this year in full operation which is intended for the produc- 
tion of Bessemer steel and its applications for steel rails, wheel-rims, 
axles, forgings, &c., and therefore the collection of objects on exhibition 
is naturally quite limited ; but, on account of the origin and method of 
manufacture of these products, they are none the less worthy of exam- 
ination. 

The group of objects outside of the glass cases consists of — 

1st. Bessemer-steel axles, of which three are rough-forged, and serve as 
a base lor a group of wiiecl-tires; one is a finished forged, and one a 
finished turned, car-axle, and there is, moreover, one which was bent 
double in the cold. 

iM. Bessemer-steel tires, of Avhich one is finished; one is the rougb 
forging for a tiro, and is without a hole ; the next one is rough but with 
a hole; six are rolled and finished, and of diameter from 430"" to 
2,420'"'" ; and one was bent into the form of a figure 8 in the cold. 

3tl. Bossenier-stool rails, of which four pieces were bent into a spira' 
form, and one pieco was twisted in the cold. 

■1th. lU'sstMiiersteel forgings, anu>ng which are a piece showing the 
fravture, a largo cyliutler, two broken pieces of axles, five ditt'ereiit 
proof- piv'i'os fn)ni tlu^ einls of rails, and two forged ties. 

rnder Ihr glass rover are — 

.■>th. Various proiif pieces of li.vssonier stool, anong which is a hat 
with a tassol, nuulo from the ond of a tir^'. 

(>lh. A «M>lUTtii)n showing Iho fraouiros oi blocks of rough steel, foig 
in gSf tiros, and rails. 

7th. A rail ond and a iiumlo:' of sootions. 

Stli. Uroakicg proo's of tho pioduots obtained by the use of difierent 
kinds o\' iron and <M>ko. 

IHli. Samples o\' infusiblo ola> s and various infusible substances used 
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ke processes of mauuracture of Bessemer Bteol, sncli as tuyeres, ston- 
I. finitiel», &e, 

><l(tctioii, in tons, of the Osnabrilck Iron and Steel Works has 

First bair 
1872. of 1873. 

F rongti Steel, in blocks 217. 4:J 152.00 

rsbedrails 128.91 125.00 

B8, Bsles, anil forgin«fi 240.00 100.00 

srage lalioriug force, in 1S72, 850 men ; first balf of 1873, 1,000 men. 
'berc baru beou employed a Bessemer plant, with two converters and 
cnputa-furnaues; 4 steaui-bammcrs; a rolling mill for rollinj; rails ; 
lUing-mill for tires; it machine-shop for turning axles; a fonndery, 
b twocupola-fonmces and ono HainG-rurDace; a forge, a carpeuter- 
ip, a place for the mannfuctiiro of tire-brick, &c. 

'he tbirt«eu bealiug- furnaces were heated with gas, which was gene- 
ed in eight Siemens gas-furnaces. 

ten engines, together having 1,200 horsepower, were used as motors, 
e steam was furnished b.v 24 boilers. 

!k large and a small locomotive were used for transportation. 
;'or some years previous Bessemer steel had been made almost excla- 
ely from English b<-taatite pig-iron, and although the German niauu- 
turerts had sometimes mixed with it a portion of German pig-iron, it 
» reserved for the Osnabrilck Iron and Steel Works to make the 
tat Bessemer- steel products entirely from German materials, of which 
i neighboring Qeorgsifarieti furuace, with its iron rich in manganese, 
raishes the largerpari; and thongh froai economical considerations 
Msc of English pig-iron is not wholly dispensed with, it has been 
tnifiistrated that when the production of Bessemer pig-iron equals the 
Diaud, the continental manufacturers of Bessemer steel cau dispense 
til foreign products, 

lUe prejudice which has long existed against the employment of Ger- 
Ui materials for steel -manufacture, as well as the hesitation of the 
Mujiers of railroads to employ Bessemer steel in the oonstructiou of 
Ada, ears, &c., have both been overcome, and if Bessemer steel cannot 
> osed iu the manufacture of ail other steel articles, its present im- 
wed i^naliiy allows it not only to be used for rails, but also to com- 
!te most sucvessfully with crucible steel in the general manufacture of 
M, axivs, auil other forgings, on accouul of its greater cheapness, 
llua made entirely of (icrmau pig-iron bare been tested by the royal 
i»»ctiirs of the Bergisch-MUrkische Itailroad, and have grandly with- 
I'KkI the very severe tests of falling weights. 

Till) problem of making such a product from material (he behavior of 
I'lth in the dilTerent processes was uncertain was certainly a dilDcult 
Uc, bat the nmnHgirig engineer, Mr. Bchumman, lias by perseverance 
UWyded tu overcoming all the obstacles and difficulties, after raaay 
l^ktssful cxiverinR'tits,aud has solved the problem. ^^m 
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Tbe courerLer linings, tlie blAst-|>ii>ea, »uil all otlier reqaiititea 
lire-clay vlilc;]! aro elsewbere nseil for the ciuttiog of «teel, as well an 
tlie best of tlie imported rurnace-liuirigs, vsiieciatly proved thetoselves 
to be of iaferior quality, nod only after all those aud other reqnisitfii* In 
improved quality ivere manut'HVtui'ed at the home worlta coald the ittc«l 
prwlaced reacli a perfection which will with diflicnlty bo surpassed. 
The converter-linings which are ma<le hero have sometimes withstood 
75 charges, and on an average 50 charges. 

Tires of 2,420'°°' diameter are made from a massive block of steA 
pancbiug a hole and rolling. 

Kails, which arc nsnally rolled 00 feet long, can, if necessary 
100 feet long. 

The piece of a heavy shaft exhibited represents some which have 
lately made for Westphalia, and which were forged with a fifteen-ton 
ti'ip-bammer. 

The adoption of new and improved machinery at the Osnabiiick Steel 
Works, the Tortauate location of tbe different departments of the works 
in relation to one another, the increased facilities for prodnction on 
account of tbe additional buildings now in process of erection, tlu) 
making of new products, such as rolling steel, 8pring-st«el,sbeet-stMl| 
&B., in connection with tbe central location at tbe junction of three 
railroads, the proximity of furnacesaud coal-mines, with property aroiinil 
the works already purchased for further enlargements, secnro to thesd 
works a very snccessfnl fnture, and especially as local conditions allov 
cheaper living than is possible elsewhere, and thcefore allow ^t 
be more economically produced. 
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04. The Georgs-Marien Mining and Smelting Company, in uddltloo t< 
its very interesting exhibition of ores, iron, niiuing-maps, and eeclioiii 
of furnaces, published a very I'nll description of the property of the com- 
pany, and especially of the benevolent institutions founded (or tbe benefit 
of tbe workmen. This brochure, in German," has been freely drairw 
upon for tbe following information, translated from its pages. 

The origin and Aevelopment of the icorki. — Tbe Georgs-Marien Mining 
and MetallnrgiCiil Company was organized in the year 1856, as a joint* 
stock company fur mining iron-ore, conl, and other minerals, and als*^ 
for tbe prodnction of iron and other materials from tbem. 

The capital stock is 2,500,000 tbalers, of which 1,500,000 tbalers 
immediately expended, and 050,000 tbalers more, making a total ontliiy 
of 2,150,000 thalera. Besides this, a loan of 700,000 tbalers was COB* 
tracted, but which is uow being rapidly paid. The company boagbttl' 
1850, the mining-privileges of their present property, "Helig«l I," a^ 

" Jtachrmbanti ilrr fertjatniitc uifd EInridilniiiKn lUr Oearijt-ilaiUa-UIHtii M 
.lungctklU uatcT Grajtpt I, Xro, ?r,12. an/ Her hternalUtiiaUii .luitltllimglnWM 
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poa-or?, coiitainiug i,Slo,5Q0 Bi^aare motcis, at Bevkcrode, near Oa. 1 
[>Uck, with tlio furnaces ami macliint;' works that wero iipoti it. The 1 
inpany also boiiglit various ottier beila of clay ami bog-irou ore in tlie ] 
Aty of 0;iiiabriiuk, and reooiveU, iu 135(>, a grant of tbecoal aad iron I 
B of Glilckaal'; iu I8j7, uftboso in Uurenberg, and in 1858, of thoae [ 
CEiltorberg. Those lielda together have an area of •1S,220,<)00 square 4 
meters. Moreover, in 1805, the company received a grant of tbe ii-on- 
be<iH of llilgel II, with an area of 3,721,000 square meters. 

The iron-ore beds Iliigel I and Hiigel II lio on tlio so-called Hiigel, 
which is a moiuitaiu-ridge (one of tbe spiir.4 of tlie Ttiatoburgor forest) i 
oa« and n half uile^ southwest from tbe city of Oaitabriiclf. Brown aud ] 
siKitbic iron-ores are chiefly obtained from tbom. 

Thefoal-fieldsof Gliiukauf, Dorenberg, and Hilterberg He in tbe forest) I 
clay-formation of the Oaniiig Mouutain.t, or tUo Burger 3fountaiu9f I 
one and a half to two miles southeast of tbe city of Osnabriick. 
It was the intention of tbe company to connect all their minea of coal 
i and iron by a railroail running east and west, ami then to establish at 
\ M>mo suitable point extensive smeltiug-works, which should be Inde- 
I peutlent of tbo precarious production of charcoal, and be supplied with 
I coke. The location of these works was especially depL'udent upon a suf- 
I Hcient supply of runuiog wulcr, which was found iu tbe valley of the i 
I Diite. The space for the location of the works was purchased from tbe 
I gorernnient of Hanover. 

I Tlic building of tbo works was rapidly carried forward, and iu 1858 a 
^^^■furnace was in operation. The transportation of the materials fYom 
^Hw Iron-ore fields at Hiigel, and the coal fields at Oesede ami Borglobf < 
^^Bw done at tbai time by borse-|K>wcr on roads couatructctl by the com- 

w The great amount of water in the Diit« Valley, and the insulUciency J 
I of the machinery for its control, made tbe working of the coal-miuea | 
^UHmliarly difficult and cx[)0usive. Coal could be obtained cheaper from 
^^Hrtmutid, and in 1S6G the working of tbe coal-mines of the I>iite was 
^^^KFiisioDally stopped. Tbo same combination of circumstauces worked 
^^^■hiiit thu other coal-mines, so that after due deliberation tbe plan of 
^^^bdirig » raih'oad bctwosn the works and tbo coal-miucs was abaa* 
^^^KeO, and tbe construction of a railroad between the works and tbe J 
j^^WK^a at UUgoI and tbe Wcstphnliaa collieries was taken up with vigor, 
■W •ml iu IS7" railroad commuuicatioit was established with the groat tbor- 
^1 "UKhfarc of tbe Coln-Mimleuer llailroatl. 

^■^Tlie uvnstructiori of the Ilamm-Osnabritck Itailroad, which is now pro- 
^^^Blslflg, will connect tbe coal-mines of the company directly with all 
^^^Wr points, and wilt enable tbo company to work them to advantage. 
^^BDm company has now the sole management of the railroad between 
^^^■Bede and Hasbergen, and also that from Domprobst and Sundern t4 - 
^^^nlieoberg, and uses upon these railroads five locomotives and buQ*l 
^^Bnlsof freight-cars, besides pa!:senger>:ar8; and tbeyuse tbe same noM 
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only for tbeirown business, but do a steacUly-giowiiiR general cnr^yfSg'- 
bus in ess. 

The working of tlie little chnrcoal -furnace mid rolling-niill at Becko- 
rode baa Ireen suspended and siippraeded by cokebiirniDg fnrnaceii. 
TLie price of charcoal is constantly rising, while the quality of coke is 
rapidly improving, and therefore th« company is able to produce B 
bett4>r quality of pig-iron at a much loss cost than formerly. 

The products of the Goorgs-Maricu Works liave been principally sold 
to the steol, puddling, and rolling works of Westphalia for the innoo- 
facturo of articles of the best quality. Tbe iron competes farorably 
with the better kinds of pig-iron from Seigerland. 

Tlie roUinguiill and macliJue -n-orks at Heckcrode were ton siunll and 
their sales loo insigniflcnut to justify their contiuimnee. These worts 
were therefoi'e incorporated with the Georga-Marien Works, wliicli vtn 
then approaching completion; and tbe Dockerode ^bops were used for 
the construction of steam-boilers, mostly for home nse. and in repairios 
ninchiuery, using a small water-power as motor, while some of tbeu 
workmen with their fumilies li*'od in tbe bouse of the company at Beck- 
erode or in tbe neighboring villages. 

Although tbe Georgs-Marien Works have not yet reached their ftdl 
development, either in their means or their pruduetioa, in conseqneuco 
of the imperfection of communication, yet the size and twhnicai 
arrangements, the quality .ind quantity of their prodnctions, and, not 
tlie leaat consideration, tbe number of workmen employed and tbo 6X- 
cellent accommodations for their welfare and happiness, give tbe work* 
a right to claim a couspicuonx place among their competitors. 

Tlie company owns, besides tbe already-mentioned railroads aud etintp* 
uicuts, Q liuisheil blast-furnaces, of which a are in bla^t, each biivliiK 
3 hot blasts, each one of which has a heating-sorface of 140 sqoAre 
nteters, the apparatus being of a pecnliar constraction, made with liapr 
iug pipes. There aiv H cnishiog-machines and 5 boHzontal blsst- 
engines. 

Tilers ure, besides these, various other stationary engines for diffenut 
IMiTiiosfs, withi^'i Iwik-rs of different constrnetion, having together d.7M 
square meters of beating-snrface and :;.5O0 horse-power. The reqai»iU 
coko is pi-odnced by 300 coke-fnrnaces, and the gas ihns obtained i< 
nse«l as fuel for th« boiU-r^! A macliine-shop snd fonnderr are employed 
AS »u auxiliary to the works aud the mines, for the mamifactare of t^ 
tube&, nn^ bn>Mkers. niiiehiue&, &c, that arv needed. Tbe machiDMbCf 
has ao engine and about -10 working iniicbiue". '" ' >'' •' ■ ■'..'.'•-"iis 
necessary fitr tbo ponstniction and n'lxiiring !■! 
lis annojtl pivKlnction is e»()matMl to be wtic 
fwrnilery h«s« Wiwi-pylimler. ;• Irish i'a|HiU-fut:.- 
(Vom l\,TiW to r>.tKVi klhtgr3»u« \\tr hour, derricks, ami nil the 
aory ap(mtutu«, and t« cHpablc of pradaciitg two nillUKi 
outinirs ycr annum. 



a kilognUidO' 
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i8t-farnaces produced iu 1872 53,118,100 kilograms of i)ig- 
ed at 1,883,000 thaler; while ia 1807 the production was but 
) kilograms, valued at 020,000 thaler. 

Id be noted that of this production, in 1872, 70 per cent, was 
pig, and 30 per cent, was a good quality for puddling, while, 
8 per cent, was Bessemer pig, and 72 per cent, was good pud- 
. 

ns of a peculiar contrivance connected with the blast-furnaces 
)r part of the slag from them is granulated, and thus it is capa- 
ng used for a variety of purposes, for example, as a packing 
ilroad-sleepers, in the manufacture of mortar, good bricks, &c. 
contrivance, the invention of the director, Mr. Liivmann, is of 
le. The front hearth of the coking furnaces is done away with, 
iirnaces are tightly closed by a form made of slag and cooled 

jr. 

apany is erecting gas-works, to make sufficient for 1,000 burn- 
ill be used in the works and the colony of laborers, 
sing and transportation of the ore is done by 7 stationary 
nd 5 locomotives, run by 18 steam-boilers, having a heating- 
501 square meters, not counting 8 horse-power above and 4 
er under ground, in addition to that mentioned, 
antity and value of ore raised at Hiigel in 1867 and in 1872 



Year. 


Ore, kilo- 
gramn. 


Value, 
thalers. 




160, 722, 000 
222.709,385 


69,d64 




183,590 









ole works of the Greorgs-Marien Company employ 1 general 
. metallurgical director, 1 mining director, 1 director of the 
rorks, 35 men for overseers and office-service, and 1,600 work- 
ibnted as follows: 

• 

ist-furnaces 450 

mdery 80 

M^hineshop 140 

ilroad 80 

'8, builders, masons 110 

Hugel 1 650 

ers 90 



1,600 

ipany was awarded a medal at the International Exhibition 
I in 1862, and in 1867 it received a silver medal at the exhibi- 
iris, for the good quality of the pig-iron produced. 



VIENNA IKTEkSATlONAL EXriIBITION, 1871 

The prosiierity ol' tlie work)^ is sbowii by tlie divideDds paid 
atookboldera in the past, four years, as follows : ISOS-'CD, 10 p«r, 
18C0-'70, 10 per ceiit.: IS'U-'Tl. 8 per cent.; 1871-72, 16 per cent 

05. Institutions and associations foe the physical and mes- 
tal welfaee of toe woekmen at geoitgs-makien-hutte.— the 
Geopgs-Marien Joiatatoek Company differs very materially from moat 
luaniifrtcturiiig companies in that it not only aims to give thu sUan- 
liolders the largest dividends possible, but besides its indastrial purposei 
it aeeks to promote the welfare of the working classes, by formiag a 
commaDity of them, ami establishing and sapporting for them cburchei, 
schools, clubs, associatioqs, and other beaelicial institutions. I>oeiaisg 
this the surest way of nccomplisUiiig its purposes, the company has madu 
this work one of its first and chief efforts. 

The company was obliged to create a new industry in a part of the 
country where the prospects for the fnlure were good enough to justify 
considerable preparations and the attempt to benefit the pour laborinfi 
clatses of the surrounding villages. 

This was a great undertaking, for at the time of the founding of the 
works they were at the distance of a half an hour's ride from the larger 
country roads, and could only be reached by primitive lanes and by 
ways, as was also the case with the small villages. Therefore road 
had to be constructed to the newly -acq aired coat-fields and iroiiniiliCSi 
while all the old roads had to be improved. 

The inhabitants of the district were for the most part farmers, andfol 
the few such as had spare time there were always chances enough foC 
employment at the neighboring coal-Gelds. This had its advantage^ 
for them, since the laborers at the works would be obliged to devote AlC 
their time to it, while at the coal-mines the mining being done by shifts, 
working eight hours each, they had sufBcient time to work their fields 
also. Under the existing circumstances most of the inhabitants of tbe 
district could not take steady employment at the new workx, and even 
those who might have done so could only be prevailed upon by the offer 
of higher wages, and even then tiiey were very slow to come and begio 
work for the "strangers." It was, therefore^ an unavoidable nucesaits; 
to engage laborers I'rotn romote parts of the country, and for whom tit 
this very thinly-settlud district habitations and boardlng-facilitiea- eooHl 
uot be found. 

6G. JlofiHen. — Thus the company was forced at the outset, and befon 
any technical work could be begun, to provide houses fur tlieir wwit 
men, on a plan which of course could not satisfy all demands for 
forlable living,hut which would permit of the speediest completion and 
give shelter to as many as iiossible. These houses wcru built witllJl 
frame-work as general lodging-houses, but so that they might afterward 
he converted into dwellings by the erection of partitions. Nineteeo 
these houses were so built, and arc known as " lodging-houses." 
AftCTwardj fla the nnmber of Bt«a4r and tilted emiriojf^ lawi 
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an3 there wae more opportunity for delilieratiuii and forotbought m 
lidilding, more regard could be given to the lastiug comfort of the 
vtirkiii|^iiien. Houses were built upou tlie aniue plan, for but two fatu- 
ilii'S, ami BO tbat each Tamily bad a separate eutrauce, shed, and yard. 
Tbc diiiadx'aiitftgcs of these bouses were the same as with the lo<tgiug- 
houses: slight frames, low ceilings, small wiudowa, and insatllcient 
ventilation. Then the dheds for stabling, &c., were so cloaely counected 
nith the houses that they weit) unhealthy and not durable. 

After HniHhing the abovedeeeriljed dwelliugs in 1859, the company 
dei'iiled not to enlarge the colony on this plan, believing that the work- 
men enuld be induced to take t be matter into their own bauds, and 
sK'nre for themselves an independent homestead, and that the company 
iroDid thereby secure a set of steady, interested laborers. To this end 
i building-plot of thirty sfjuare rods, at a standard price, and au ad- 
rstice of eaish to aid in the ereeliou of the proposed building, was offered 
to each workman. The workman had to pay 4 per cent, interent on 
tbiit sum, and, moreover, allow the company to retain and apply such a 

B portion of his monthly earnings that the property would be un- 
nnbered in the course of tifteen years. 
Wi oonditions for the granting of the loan were — 
ft. That the plan of the proposed house should have ilio nppioval of 
the Brehilect appointed by tho company. 

:fd. ITiat the building of the house should be under the supervision 
and cnnlrol of the company's architect, in order to protect the bnilder 
OKaiDHt .>and, and in order tbat the company's money should be ex- 
pended for this stated purpose only, 

3d. That the laborer shonld himself famish a part of the neces- 
ury capital. 

Tills last clnust! was never fully enforced, and this was the tlrst cause 
wIjIcIi led to the failure of this plan. 

Very soon after the adoption of this plan a number of workmen made 
Iplilicatloii to obtain the etl'ered privilege and to build their own houses. 
In die course of building It would often be the case that eulargements 
toDld be miuJo, and alterations of the original plan, which would de- 
tnand a greater ontlay than at first contemplated. Then the furnishing 
)tf the new house would cost much more than was expected. In almost 
eretjcnsc the capital needed from the company exceeded the original 
deuHnd. It resulted that the payment of the interest and the monthly 
dediictionH from the wages were too burdensome for many of the men, 
i uii|,a8 a natural conseqoence, some of the houses were sold to third 

II'srtiM who were not interested in the succes-i of the company, and 
ihiTcby the good intentions of the latter were more or less frustrated. 
1 ,. iv..!,! these evils, the third clause was amended so as to read that 
I for a lot and loan should possess at least a half of the 
.,il. Under this condition it was thought that the builder 
-1 tii> more cotisiderate in the use of his means; but the re- , 
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salt of tliis esperiini.'nt was the total saBi>eu8iou of buiUltug lijr flw 
workmen, and tLe eomyany was ngaiii forced to erect houses for ttwlr 
met], altbotigU much iigaiust iti) JncHuatioii. Afterdiiecousi<lHmt]oti.a 
new aud well-approved plan was adopted, and upon it aisteeu new 
dwellings were built as an experiment, and these having gireo eutiro 
snltsfaction, the number will be iiioreased iu the course of this year by 
the addition of forty-lour more. 

The dwellings are judiciously separated from one another, as the^ 
also are from the sheds, jards, &c. The entrances to Ihe houses ar« 
opposite each other ; the rooms are high and airy. On the first tloor ar— 
a sitting-room, bed-room, and kitchen; on the upper floor either on -« 
large chamber or two small ones. The cellar is large enongh to hoh 
the winter-stores, and is entered from the kitchen. The shed baa ts> 
compartments — one for a pig and one for a goat, and room above fb 
winter-fodder. A garden of from 15 to 20 sqnare rods is ooni 
with each dwelling. 

The walls of the houses are made of the bricks made of sing, and 
space of -i inches is left between the walls, rendering the dwellings pel 
fectly dry. 

The best evidence of the adaptation and desirablenesa of these dwol 
iugs to the workmen is furnished by the fact that it is looked upon a« 
reward and a special privilege to obtain one from the company. 

The officers of the company, who originally had to live either in lod| 
ing-houBes or other public places, are now also better provided fo 
Special buildings have been erected for them. These bouses contain a 
the first floor five rooms and two chambers, and on the upper floor si 
more rooms. In the basement are the kitchen, pautry, and cellar roon 
In the rear are sheds similar to those of the laborers, with a ganlei 
plot of about thirty square rods, for the cultivation of vegetables. Tfc»* 
company owns Iiow six houses for officers, and one so-called direotOT"*< 
house. 

Differing a little from the above-descrilied family doable dwelliuS^ 
are the houses for the foremen and lower officers of the works. Tii&y 
contain two sitting-rooms, two chambers, and basement. There i^rc 
now four of these houses built, and four more in the course of erectio"' 
which will.bejfinished this year. The possession by the company of bO 
much fertile land enables them to lease to their workmen who desire it 
a plot of jground for farming, and this has proved to be a great advan- 
tage to them. It is a fact worthy of note that in this way eighty acw« 
of ronghjland have been cleared and made suitable for cultiv»Iiiui,o' 
converted into building-lots. The land is leased at a fixed price, in*' 
the different lots distrilmted by ballot among the workmen. 

As has been already mentioned, the works are too di-ttant from oltaM^ 
communities to receive fVom them any of the benefits of ^ciul life. I' 
was therefore necessary to organiiie an independent community, and t^ 
tirovWe iPBaiw for tha rolManixattoa »f oMtniROT. htiotitatatist^^M 
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•%*Bow ptistiug comuiutiil.v was o 
•' OBorgs-SlHrieD-Hiitte." 

It is evlileut tliat » uuitod Gotiimanity cnu only exist as such whea 
properly iiroviiled \rlth all tbe requisite anaiigements and neoeasarf 
iUBlitQtlutiH for the bodily, mental, and moral welfare of its members, 
Mtcti AS cbnrches, si-hooU, bospitaU, and other nssM-iations. 

07. Sohoolji at QeorgnMarienHiilte. — In Jauuary, 1S.>7, the first 
evangelical prif»te »cbool was opened with 2i children, and at Kaster, 
io lSti3, the same was re-opeued as a public nchool with two clossea 
aod 180 children. For this purpose au eraugelical school society wbs 
formml, in which thii inlmbitatita of the surroanding village-'^ were 
rec«ivud, whose cliildren had, till (hat time, received their edacation iu 
tbeexixting Roman Oatholiu schools !ind their religious iDstitntione iti 
tbo city of Oi^nabriiok, some five miles distant. There are, at present, 
woine 280 children in the community schools, divided into four classes, 
anderfoiir good teachers. Another school, situated uearthe iron-mines 
at £[>theiiberg, has been established by the company. ' 

The school-house building contains four large schoolrooms, one con- 
firmatory, three dwelling:* for married teachers, and onedwelling for an ' 
DDiuarrieii one, which can, when needed, be easily oonvorled iuto 
aaother large school-room for a ttfth class byitakiiig down the partition. 
The southern part of the building was erected in 1301, and consisted of 
two large !tohool-roonis, which, when the large donble folding-doors 
were openoil. were coiveried into one, ami usail for pr-vyer-meetinga. 
lu 141)4 the third c1a«4-rojm, aud in ISjO the fonrth clft'is-room, were 
addi-J. 

TUb rapid growth of the school soon made the room too small, and 
provision had to be made for the increase of pnpils by obtaining rooms 
in private honses, and it was only possible in 1S7J to finish the nortUetn 
pKrt of the building aad unite all classes under a single roof. For the 
iuiODimoilation of tbe Catholic members of the community, represented 
Ifyaliotit 6(> children, the company established a temporary school in 
1S7L This house contHins a large school-room, which is also used for 
iltrinu worship, and also apartments for tlie teacher. 

Tbu directors of the company are the patrons of the evangelical school, 
himI this gives them the privilege of nominating three teachers, the other 
Iviug chosea by the state. 

M. Ch»fch:». — As already stated, the i-ooms of the evangelical school- 
^M, AS well as of the Catholic, were constructed with the intention of 
B»iDj[ them provisionally fur divine service. Although the need of a 
oilnl«t«r of the gospel was keenly felt by the members of tbe community. 
liucuthe ueareHt place of worship was about fire miles distant, it was 
Dutttatit 1.S67 that an evangelical, aud until 1S72 that a Uoman, priest 
wild 1)0 engaged, and the building of churches is now taken in hand 
I'J' lilt' re!4|)eclive congregations. 
flu. Industrial nchimh. — Near the elementary school there is a high or i 
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ailvaaced school for the older boys and tlie younger workmcD. IntHlCttbf 
tiou 18 given by the regular teachers, and by the engineers o£ the com- 
pany, on every Monday, Tuesday, and Thursday evening ; also, ou Son- 
day mornings before cburcU-time. Instruction is given in tbe following 
branches: German aud English languages, technical and oruameuiul 
drawing, arithmetic, writing, physics, and cosmogony. The younger 
workmen during their apprenticeship are obliged to attend this school, 
which numbers, at present, abont 30 pupils. 

A girls' industrial school has also been established, where, under th» 
guidauce of a female teacher and some of the uhle housewives of the 
officials, tbe girls are instructed iu knitting, sewing, and all other Deoe&- 
sary handiwork. 

Similar scliooLs have been established also at the colony Rotheulierg 
for young miners and girls, and they are well patronized. 

70. Libraries. — Close by tbe schools staud tbe public libraries. Tbey 
were founded in 1SC3, and contain now about 800 volumes, some or 
which are very valuable. The first ami second teachers of the eraugel- 
ical schools act as librarians. Tbe books are iu great demand by tlie 
workmen, especially during the long winter evenings. 

71. Court of juative. — We cannot close this account of tbe institntions 
of the community without mentioniug; the peculiarcourtof justice which 
is one of the greatest blessings in tbe place. 

The court of justice, or tiie peace society, strives for an ndjustmcot rtf" 
all controversies, without the lutervention of the courts and the pro- 
cesses of the law. Members of this society are — 

1st. All the employes of the company. 

2d. All others who dwell ou the company's groitnda, and who hare 
pledged themselves by signing the constimtlou and by-laws of the 
society. 

For the settlement of all differences between the members, nine Jas- 
tices of tbe peace are chosen from among the members of the soolotyr 
to serve for the term of one year. The meeting of this court is not 
held at definite, stated times, but whenever required, and tbe time of 
meeting is made known by public proclamalion. 

Tbe members of the society are bound, Jn all clifTercnces lietweeu 
themselves, to nail on thi.s court before entering suit in any other court 
of law, or before denouncing one another. The parties mnst appear 
personally, and all counselor)*, except members of thn fiiinily, are ex- 
cluded. 

This court of publie peace was founded in ISGo, and had in the l>e- 
ginning its bauds full of minor cases of every kind and description, but 
tbe fact that its decisions were impartial and plain, and that the guilty 
parties had to submit generally to a wjvere rebuke in the presence of A 
great number of their friends and comrades, caused it to be fcuredoveB 
more than the courts of tbe state. 

72. The tcorkinffmen'H itHKodatinn. — This society is bused ni>on tbi 
J-benefit plan. It secures to its members — 
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e<Iical aid and care, free of expense in cnse of sickuess. 
2t). Com peDsatioD for wagea lost dnriiig sickness, at the rate of nne^ 
half the regular wages, at tbe maximum of 12^ eilbergrosohen per dayA 
3d. A life-long peusion to invalid members of from 20 to fiO per uenfJ 
of tbeir ordinary wages, and even the wbole amount of wages in i 
ceptional caftes ; 2rt tbater per month is the highest. 
Itli. One-third of the iicnsion of a deceased member to his widow, 
5th. Support and educHtion for the children of deceased or invalid 
uierobers until cooBrmatiuii, (genenilly at tbe age of 14.) In exceptional 
fasea supimrt is given even till they have reached the age of 20 years. 
6tU. Assistance at bnriats; sometimes payment of the whole espenMl 
The funds of tbe society are divided into three classes — Ist. Sicknes^!] 
fund; M. Pension-fund; and, 3d. Cnpital-fuud. 

Every workman has tu contribute to the- tirst class. They < 
tribute to the second class nnder certain conditions. All those who coB^ 
tri bote to the first fund only are designated aa "unsettled" workmen, 
while those who contribute to both funds are clik<tsi&ed na "settled" 
workmen. 

In IS72 the association numbered l,53o members; " settled '' mom- j 
b*?!'!), 412 ; invalids, 2; widows, 13; children to be supported, iH. 
Tliere were spent in 1S72 : 



lo oiseK of sickness 

Fenaiona 

Bxcuptional support 

ilQfial expenses 

Soeidy expenses and sundries . 



Thalw. 1 
11,115 



Income . 



12, 572 
. 20,217 

Siiqiiiis 7,045 

Tlis cash capital of the association, exctnaive of furniture, amounted 
to.'!9,0G.1 thaler at the end of the year 1S72. 

"3, n»HpiUd. — For the care and treatment of the aick, a well-fur- 
olidied hospital is provided. It is under tlie care of an excellent resident 
t<tiirsiiL'ian and nurses, and has a drug-store attached. The hospital was 
« first located in one of the lodging-houses, but now is in an inde- 
pmlcnt building erected for the purpose by the company, and placed 
M tliL' disposal of the " Workingmen's Association," free of charge. 

For all technical ^establishments of this magnitude a hospital is 
lodiKHKnsahle, and especially is it important here ; for the workmen are 
scattered over a large area, so that it would be very difficult, if not 
lin|iciRnih)p, for the physician to pay the necessary attention to his 

' ' -■ in case of accident or severe sickness. In the year 1872 thero^ 
:t'> cAses of sickness, making an aggregate of 17,396 days < 

. to which the physician would never have been able to a 

» «p Jt not for the hospital. 
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Tlio hospital steward is the assistant to the physiciau, and he pro- 
vides for the inmates at certain fixed rates of compensation. Thex*e 
are two nurses. Charges are made to the woriimen according to their 
earnings, the company paying at the least one-half of all that paid l> y 
the woritmen. 

The administration of the affairs of the Workingmen's Assodatiou m.s 
under the control of^ 

1st. A board, consisting of fonr members, two of whom are chosen t^y 
the workmen, and the other two by the supeiintendent of the works. 

2il. A certain number (at present four) of the older regular or settl e J l 
workmen. 

It may be reganled as strange that so small an amount has bee- n 
paid fi-om the relief-fund of the association for the aid of its member^^; 
but, besides this fund, there are several other funds from which, nudr^^^r 
the able administration of the board, large sums are given for the we^Hl- 
fare and benefit of the workmen. 

The principal of these funds is thii '* workingmeu's deposit-fund, " 
which was established by a donation of 4,000 thaler in 1SG(3, and douF^H- 
tions have l>een made most liberally by the stockholders, and were 2,82 7 
thaler in amount in 1807 : 6,502 in ISOS ; 6,775 in 1869 ; 5,830 in IS1» ; 
10JJ71) in 1871 ; 6,823 in 1872. The accounts of the boai*d which col». • 
trols these funds are examined by a supervising committee api>oiute-<. I 
by the stockholders. 

The other five tiuuls are mostly for si>ecial purposes : one, for instaiic<?» 

for the education of the sons of workmen w"ho prove able and worthy' i 

one to give Christmas presents to poor children : one for extra support 

of orphans. All these funds are under the ontrolling supervision of 

the diri'Clors of the works. 

besides those organizations which, like tlie workingmen's association - 
ar** sui^portcd by fixed duos from the workiui'n who belong to them, anil 
bv donations tVoni other interested parties, there are other verv benefi- 
eial organizations whieh have b;vn established by the administration of 
the works. Dne of these is the — 

7 4. Siort union. — This is established tor the pu rpose of enabling its 
members to obtain thi* necessaries of life of good quality and at i*eason- 
able prices, and thereby to enable them to lessen t heir daily expenses, 
and eiVeet a saviivg. To this end eon tracts were made with different 
trailinu-honses and store- keepers, bind in »r them to sell good articles at 
fixed prices, and at a certain pcrcc:i:a.j:e o:i the ct»st. The association 
has aN.^ opened stores itself, sacli a^ ui\K»cry. hardware, shoe, crockery- 
stores, vS:e. A bakery wa> e>iablislu»l in IS72. and a butcher's stand is 
beinc started. 

Kxery workman who will coniplx wi:li the rules and regnlat ions can 
become a member. All the ,u^hhIs bought a: the stores of the associa 
lion or o\ the traders under lis control are paid for ou delivery with 
lokcTK. which are afterward exchangoa a: th,> tro.wary of the company 
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Mil, uuii eiilurcil on tlie Hccoiint of tlie buyer. Tbe prolits iiiadM 
by [li« atorcs ii] trade arn divided amuD^ thu uiem bt-rs nuuurdiiig to thfl 
ttoiount of goods mitiired upon their piv->s-books. VVtieii tliis diridvaa 
Itt due tbey can draw tbe Hum to their credit above three tUiiler at tbfi 
treaenry, or it can ruinaiii thero bearing 5 per cent, interest, but thd 
giinoDnt'inuHt not exceed 3U0 thaler, as this is the limit of capital o 
one individual in the store-union, allowod by the constitntion. 

Tliid ariiitn is miuiagud by a bourd of i^eveu directors, four nt leuHC ol| 
irltiiniHru ulioseu I'ruiu nmuu^ the workingnien. As the oture-building^ 
ImIod); ut present to the compajij', it supervises the sQ'iiirs or the uaiou,A 
bat the noutrol will p;tss into the hauils of the association as 8idd ii 
Ibe reserve-fund's have ajcumnhited to make a uapit^l HUffieienCly Ittrgefl 
to irsrmnt the iudepeudeut maintenance of tbe aseooiatiou. 

The fulluwiug statt^nient shows the amount of business done by tbd 
aniuu: Uapitnl dei)ositeil at tbe end of 187:^, 15.549 thalers. Sales id 
tfatayear, 17,708 thalera. Clear profits, 1,900 tbalera, which, being dn 
Tilled am»ng the members, after deducting the three thaler for the r 
serve fund, gave to each man a profit of 3J 8ilt)ergrosehen to everjj 
Ihnler paid out in tokens. 
"S. Ltiiiffing-lwusai. — As beneticial to the bodily welfare of the worh:*^ 
the lodging-house is noticeable, it has been ofttjn ueoessary to I 
Cugajte largo numbers of temporary workmen for the creation of exteu-| 
Kiveioiproveracuts, and at suuh times the want of places for lodgiuf 
VKs stt'ongly felt. The erection of barrneks helped somewhat, but it wasfl 
nm decided to furnish for this purpose permiinent substantial buildiugSir 
Bm buildings for this puri>ose were erected in 1870, one at the'l 
ly near Rothenberg iron-mines, and the other at the Georgs-Marien J 
The lirst-meutioued will soou be replaced by a larger one, batJ 
has proved sufficient. Small rooms are provided for the 
lAClon of the young meu, where they may ocuupy their leisuri 
is study or literary pursuits without disturbnuee. 
(^ub-houae. — Quite recently it was thought possible to do some- J 
for rlie social needs of the workmen by building a clul]%ous«{i 
tniUditig is for the accummoilatiou of the ditTerent societies Hud.f 
; alBo for tlie meetings of the board of directors and other bodiet 
Tbp bailding will al^o contain some Apartments where the young, nnfl 
"uiiTied ollleers of the company can lodge. The smaller hall will ae- 
oonniiudaie the Dinging and orchestral societies, where their rebeaisals ' 
mh iiAe [>lace. The billiard and reading rooms are free to ineiubers of 
iwr .'HHjiety, A small hail is reserved for the meetings of different 
•wietied for culture or education, and is closed against all but meu 
•I'lriiig the lime of their meetings. About the building are g;roao«!b 
nmler cultivation for a park, free to all visitors. A walk of a\>ovA 
iJtwn minDtes through this park leads to the sliootinggallei 
*««lio|:-nlley is near by the clnb-hout^e, and is free to all visitors, sa^ 
•lien any soojcty is holding a sociable. 
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77. The tura hatl—Thia ball is uearly com|ilet«iI. It lias a halT-**' 
meters loiig and 7 meters wide, used as a gjmnasiuQi- It lias two 
rooms tor tlie storage of turn apparatus, and a room for a lirc-engiue, 
hose, &c. The ball and the surroiuiiling grouiidH are for tlie boDettt oi' 
tbe schobtra of the public schools aud the Turners' Society. 

The progress in the development of social life and habits has been 
very rapiil. Already, iu 1801, tbe first orchestral society was started! 
l)y leaehers, ofiicers, and workmen. Tbe society grew rapidly, and wha 
well supported, though at one time it nearly succumbed. Kebenrsaltf 
take place once » week, aiul every six or eight weeks a coucert is giveiv 
which is free to all members, aud to tbeif families n.ud friends. Tli« 
entertaiumeiit consists of orchestral music, solos, and itinging. TU< 
directors of tbe company have recently engaged a nm«ical director o 
leader, whose duties are to give instructiun to tbe different mu«ioa 
societies free of charge. Encouraged by this, a brass bund haa he*, 
organized, which will eventually be tbe band of tbe colony. Especiali 
worthy of note is the " Lkderlafel der Georg»-Marien-Rutte^ a ainginQ 
society which has, not only by its numbers, but by Its very beneflci^ 
iuduence upon the morality of the community, a just claim to Huper 
ority. This society was founded in 18m>, and has among its membei 
almost the whole corps of otticers and the majority uf tbe members) c 
tbe colouy. One evening in the week is devoted to rehearsals, an 
every six or eight weeks a social gatheriug, enlivened by music, Bon. 
declamation, &g., is held. The society owns a largo cotlection of wdctc 
music, and a grand piano. A branch of this society formed exclusivtiK. 
of workmen devote their leisure hoars to tbe cultivation of dramat: 
aud oratorical talent, and by their sncceasful representations they hai 
materially assiste<t in tbe entertainments given by the other societies. 

A rifle-elub was established ut the same time, It gathered abot 
forty members, whopractice weekly, aud once in each year they have 
prize-shooting ; and this oustom is becoming very popular. 

It waa the opinion of the better-educated classes among the differcA 
societiA that there was a lack of literary and acientJIlu culture, am 
that something should bo done for this object. Accordingly, a oei 
society was formed in 1S7U, under the name "Vereiniguntj,^ (ntitOBr. 
with the understanding that all tbe members of the other societies 
could also join this without subjecting themselves to much expMiM- 
This " union " soon received such material aid from the directors of tii6 
works that they could offer free membership to all membcrd of tM 
other societies, and only outsiders are obliged to pay foradmisaioti. 

In their weekly meetings, tho political and social questions of tite d^i 
matters of interest to tbe works or colony, are discussed. A selwllOB 
of periodicals ts furnished fur tbe free use of the members. It is pn- 
pDscd tooonnect with the union an improvemout suliuol for tbe oldM 
workmen, and to erect a building for the purpose, aud also a Bavingtr 
bMik. 4nMI 



GEOKOS-MARIEN-HL'TTE— TURN UALL HOSPITAL. 



107 



The uafoii arranges fi>r three or four flo-called musical ^veuiiigg in , 
the eourite of tUo winter, iit wbieli tbe iliffereut musical societies partici- 
patf, aud In exceptional cases outride luasiciatis ofdintinetiOD. 

TUcf " Titmffomt" has (tbout forty merobers, mostly young workiueu, 
wliomwtuDue or twice a week. By bailtliuganew hall for tbia aociutyT 
it i» tticnight tliat the additional facilities thna afforded will increase the 
Dnmber of members of this most useful si>ciety. 

Among tlie societie-t of the ofDcers of tbe works, there isaclioiror 
UDgiug-club. 

UpoH tbo cetablishmeat of the different societiea, the boArd of direct- 
ors granted certain aiuouuts either as gilts or as temporary loaus. Now 
tbe board appropriates a certain snm aanually, gninted unconditionally 
for the benefit of the societies, reserving for themselves only the right 
ot placing a veto upon tbe appropriation of any money in cases where 
ttiere is donbt of gomi iuteutinu in the appropriation. 

This fnnd is controlled by tbe entire board of directors, which is com- 
posed of the directors of all the diS'erent societiea, by which the re- 
rjairements and wnnta of every society are duly considered and tbe 
money divided accordingly. ' 

78. Tbe following niticiul statements are luadi^ n'ganlrng the hospitJil, 
tbe school, and dwelling-housen, 

Jlotpitiil. — The hospital is arranged for 33 beds placed in four largci 
halld, and four single rooms with one bed each. In addition, there is an 
isolated house with two rooms and a morgue- The ceilings of tlie hos- 
liita) are 13 fttet high throughout ; the basement, built of freestone, with 
<IU arolicd brick ceiling, contains the kitchen -rooms, furnaces for heat- 
ing, pautrien, andctOlar-rooms, Besides these, there are rooms for con- 
taeions diseases, and a vapor-bath. From the flrat floor upw.ird, the 
Walls tif the hospital are constructed of porous brick made of slag, M'ith- 

Kirchambers 2i inches wide. 
Tlie slag-bricks are made of tbe granulated slags from tbo blast-fiir- 

Uces, mixed with caustic lime, and tbe bardeningof tbe bricks depends 
. upon tb« presence of soluble silica in tbe slag, which, combining with 

tliH hnie, gives the bricks great firmness. These slag-bricks have 

proved very useful at this settlement as building-material, and deserve 

Ifce attention of the public in general, aa being the best material for the 

Mrastruction of hospitals and sanitary bnildings on account of their 

pdnwity. Tliongh as yet the examination of the physical qualities of 
I U««e bricks has not been made, there is no doubt but that they have a 
I pMt Advantage over ordinary building-stones on account of their 

pwiilry, but they must not be mistaken forthe glassy alag-brickswhich 
I *» tiRuliiced at other furnaces. 

Tlie locution of this hospital is excellent. It is free upon all sides to 

liiw "till and air; built upon dry ground, southwest in direction from 

•Jw works, and thns protected from tbe smoke by the predominating 
li^Wwn and sontbwostcni winds. Near by is a small grove of beech- 
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woods ami a, sumll lake, tlirough 
very rapidly. 

Tlie Lalls ^f tlie Lo3|)itaI are airy »iid liglit. Tii«re are do dark, 
i-oouis. It is provided with pare water for wasUing and bathidf; 
higU reservoir, ioto which the water is pumped by steam. Ttie 
iog-water is drawu from a well. 

The principal corridor is 80 feet long, 7 feet wide, aiid 13 feet Wg' 
and has five windows. Tiiis hall o|>eu« into five rooms, contaiDing : 
all twenty-two beds. Apartmeuts of the same dimensions are U|»ou tta< 
second floor. The bospiul lias, in a<^ldition, rooms for tlic pUytiicaav 
steward, anil narse^. 

The system of rcotilation is that proi>osed by the arebitecl, Sult»>i 
ratb. The principle is not to drive a large volume of heated air luV 
the room through one or two openings, as is usual, but to distribute tkk« 
heated air over the whole extent ioside the walls, and admit it tbrous'li 
small crevices in the walls, which at the same time have U|)eiifngs fe»r 
the escape of the same quantity of foul air. The foul air is coiidiiote<t 
away throagh a pipe, which is kept hot by the fnruace or kitchen fii 
and in summer by a speciiil stove placed in the basement. It is tl»« 
intention of the directors to increase the efflciency of this chimney t^J", 
the use of steam-power, by directing a current of steam into the pi|>e i~ 
the summer-season. Extending lengthwise nnder the ceilings of t*** 
sick-room are airjuare wooden bates, which, after going through tlie 
whole length of the sickroom, enter the chimney. There are slits frwin 
I to IJ inches wide along the bos, which can be opened or shut. Tli« 
advantages in this mode of ventilation are seen in the uniform diwri- 
bution of heated nir over a large area, thus avoiding all draughts, even 
when the apparatus is in its fullest activity. The heating-aiiparatos i» 
in the basement, and consists of five stoves for heating the lower floof 
and two for heating the upper. The stoves are so constructed as M 
have a very large heating-surface. Thus the iron never becomes red-botv 
the air is always pure ami kept free from the disagreeable and nuheattttS' 
odors arising trom the burning of particles of dust and other oi^auU 
matters. The ail' in the three sick-rooms, where almost every bed M 
occnpie<l, is always found to be odorless, sufficiently moist, uniform iv 
its temperature, and entirely free from draughts, no draughts being of" 
servable either at the slits for the admission of heated air or for the exi* 
of the foul. In room So. 1 — which had eight beds and seven patiaa^ 
with fnictured bones, verj- severe burns, aud one who bad both hi' 
legs amputated at the thighs—the healthful state of the patients »',_ 
the condition of their wounds demonstrated that tlniir Ireatmunt b»^ 
been goo<l, and that their favorable condition was in n great measar^ 
due to the good state of the atmosphere produceil by the grand syateoi ff ■ 
heating and ventilating of Dr. Scharrath. 

ScknolhotiiKit. — The sullOol■houst^shave in general been before deacriheJ - 
OBiy»fciiimiditioiMitregiiirk8viU be made. Jhfc »» 
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nt and aecond clnnses are Oivided by folcliug donrs, which are opetiod 
n Sundafs to allow of dirine worship. An orgau with twelve ataps 
aolwen prtjsontediby ouc af the former lUrectors of iJie works. The 
oildiDg is btiilt jmrtly of saudstone atid pivrtly of slug-briclia. It in 
eat«d with stoves in tlie scliool-rooms, and the ventihitiou is prodnce<I 
y a slaud-pipB, as in the hospital, but tho ventilating- boxes, which in 
a«hoapit»l extend nlong nndor the ceiling, are here arranged around 
;jH walls at the height of the foot-boards, and thus they immediately 
ftiry away tho cloud of ituRt raised by the maoy moving feet of the 
liildren. There are also large ventilators to serve to bring about a 
[K«dy ventilation at tho inter missions. The corridors are used as play- 
KMU8 ID rainy weather, while in fair weather the open space protectotl 
g»iu8t cold winds by the structure of the bnilding serves for the pur- 

tTbe Catholic school, which in need at the same time as a church, is, 
bough temporary, very suitable for the purpose, and includes a dwell- 
iSl^or the vicar and the teacher. The seats are benches with cross- 
ncks; the desks have movable tops, but these are to be replaced by 
xmU luid good stationary desks. At the visit to the sohool-rooms, 
"liicU took i)tace directly after the dismission of the pupils, the air was 
ruod perfectly clear and free from dust, and at a temperature of lo^ K., 
^hich 8howi4 the ventilation and heating to be perfect. On a visit to 
neof theolderclass-rooms, the air, though not found to bo perfectly 
darieaii, vm yet not disagreeable, though 70 children had ocenpiod 
be room without intermission for two hours. 

todging and boarding house. — ^This is established with the view of 
iffonliog the unmarried workmen the means of dwelling In healthy 
localities, and receiving good and wholesome food at a moderate price, 
rhe bnilding is constructed on the same plan ;ts the hospital, and of 
the ftame materials, has a very high basement for the culinary depart- 
Bieot. Thu cooking, for about 300 boarders, is done by steam. There 
we nwui4 for abont 150 lodgers. Tho house contains two dining- 
RKbDS, each with 600 siinare feet of floor, and 2i feet high. They arc 
lUttted by nteam pipes in the floor, and are ventilutod like the hospital 
Wfl school-bonse. The sleeping-rooms are in the two wings of the main 
bnUdtng. In the rooms are iron bedsteads, one placed on top of the 
Whw, two by two, with mattresses and pillows staffed with sea-weed ; 
tl»y are provided with linen sheets, and one woolen blanket in summer 
W4 two in winter. Between the beds are wardrobes, one for each 
Wger, and numbered to correspond with the numbers upon tho bod- 
Mndft. They arc 5 feet high, and are fitted with locks. The common 
^Ubroum (contain!! 30 china wash-basins, and connected with this are 
^* ■'aler closets, which are closed during the day-time. lu the easteni 
*iag an smaller room)*, for from one to six lodgers each, who, of course, 
WJ more according to accommodation. There are lodgings for from 40 
)#ftin»p In this wing, while the western wing .iccommodates from 90 
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Tlie discii)liiie of tbc boase is in tbe batxls of the steward, who is tk- 
Epousible for the obserrauue of certain fixed rules aud regiilatiODs es- 
tablbhed by the board of directors, who also at certaiu times inspect 
tile victuals. The steward pays a yearly rent, lor tbe um of the hou»f^ 
and furniture, of 112 tbaler. Board and lodging is paid for od the fol - 
lowing 8C<iIe of prices: Co£fee aQdmilk,6xifeQoig; diuuer,witb a qaarte'^ 
of apoundof nieatotbacou,forftwholeportiou,3 groschen; forahalf-poi 
tioD, ] J groschen ; supper, without meat, 2grosoben, Aboardercanpnv — . 
cure boiling water for cofl'eeorteaat any time free of charge, and every on 
procures bis owu bread and butter. (Jonnected with tbia departmenB 
butiQdetachedbuilding8,arealaundry, store-house, and bath-rooms wit^ 
warm water, aud for the use of which the steward collects a small few 
Near Ibe steam-boiler is a disinfection -apparatus, into which 8t«."~ 
can be admiltad to free clotbing, beds, &c., from vermin. All thc« 
rooms are well ventilated, and are always found nnexceptionahly ele^ 
and in perfect order. 

The preceding statements sliow with what foresight and interest tK 
manageru of the Georgs-Marien Works care for tbe mental and pbyaii 
welfare of their employes, and the success which they have nchiflTI 
Their action is worthy of all praise and imitation. 

BOCHUM MIXING AND STEEL WOBK3. 

79. The following list comprises the objects sent by this celettf 
establishment, tbe Bochumer Verein fur Bergbau uml Gtis«t4ihl-i^ 
lion, liochum in West/alen: 

(l.) Cast-steel propeller-screw in one piece, weighing 9,000 ) 
gramx, about 9 tons. It is the first of its kind, and has notl 
forged iu any part. 

(2.) A cannon for a fort, of cast steel, with a bore of 21 oeotia 
and about I0,O0U kilograms in weight. Tbe carnage upon wbiclJ 
placed is from tbe manufactory of Oruson, iu Duckban?near Uh 
burg. 

(.3.) A fort-cannon, of cast steel, of 15 cenliftieters bort*, weighlngfd 
kilograms. 

{4,) Two fleld-pieces, of cast steel, one (J-ponnder and a 4-poundai 

(5.) A steam-cylinder for a hammer of 300 centners falling- weight 
tbe valve-box and base plate all in one piece, made of crucible 4 
weighing 7,000 kilograms. Near by it the pinion and piston-rod,! 
of forged steel. 

(C.) Press cylinders of cast steel, the laryesi weighing ;j,000 I 
grams. 

(7.) Cog-wheels of cast steel. 

(8.) Steel pump-rod, 32 meters long and 1«5 niilinielei-a fu d 
for A pamp-roil, forged out of a block of cast steel. ^Vi'ight, S 
grams. 



(9.) A berjt oast-steel cyliniier for 

eight. 

[10,} A ca8t-!it&i!l bell of 1.3^ nii-tfru di.i mister, tveigliiiig 2,8o0 kilo- 
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elevator. COO') kilograms in 



(11.) A group, consisting of the diHurent wbeels for a locamotive, 
nder, and oara, part with cast-steel disk wheels, part vrougbt-iron 
>okc-whects. Xear by the last Is the iuner part of a wheel made of 
.stst«e), three more made of vvroagbtiron, and one of cast irou. 
lili.) DiAerent wtiuel-rimK, biiuds, liaks, &e., of crucible aud Bessemer 
eel, the greatest wheelrim baviug au inner diameter of 3 meters. 
(13.) Rerzstiicke of crucible steel of varloas constrnclion. 
<H.) A collectiou of springs, of various construction, made of crucible 
eel. . 

(15.) A colluctioii of broken rails and w)iGe1-rlms, to show fractnre, the 
tuples taken at dJQ'urent stages of the miinufucCnre, and the products 
ade firoffi different iron and iron-ore. 

80. The cast-steel marks. — The Bochuiu Company has been in exist- 
loe-for thirty years. For the first eighteen years it had but suiall 
ipaclty of production, and from that period to the present it has 
iveloped its groat importance. The company's works and its mines 
>ver an area of 140 hectares. The number of superintendents and 
inor oQlcers employed is 250, and of workmen, nearly G,000, The pro- 
action of cast steel at the present time is about 11,000,000 pounds 
lOnthly. This product is worth nearly ((700,000, In 1872 the pro- 
Mtlon wo* 96,000,000 pounds, worth *6,000,000, gold value. 

Tht raw material for the maunfacturo of cast steel is mainly obtained 
Wm Ibo workings of the couipanj-, and the soarces will be brietly 
lOticed. 

8L The coal-mttttii. — These' mines, called the "Maria Anna" and 
' Stelnbank,'' are situated at a distance of a batf-mile from the stwU 
loilu. They are conuected by railroad with the works, and at present 
ktc furnishing a part of the fuel required for the works from a single 
iJuft, Two new shafts are being dug, and they will furnish 25,000 
boilieli! daily to the ateel-works and blast- furunces nest year. The 
mloiiig-property embraces seven sipmre fields, and possesses an unoom- 
^fflun richness of coal-beds. TiTe coal is all of the best quality. 

f iron-miiieii, in the 8iegen and Nassau districts, are numer- 
|of great size, imd furnish an importiinl part of the ore used in 
4amux» of the company. Of particular value are the spathic 
■dmI near Kirchen. It is a superior ore for the manufacture of 
a nud UesHem^r iron. 
S3. Cuke l/laaf-fiirnacea, — Tivo of ordinary size ai-e in operation near 
fw^ni, while two more of larger size are being built at Bochuni, 
^^b more are going t^ be built next year, and two more in 1S75. 
^^Bk Mft^Krnrtccs iu Miilbeim furnish coke for both of theblast- 
^^■t. year the steel-work.<t iu Bochnm are a large number of 
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coke-ftiruaces, part in ojioratioii, aiitl a part iu process of taaniiFaL'EQlQ, 
Both the establishments »t Bochum and at Miilheim economize the gas 
that is produced. 

63. TIte aleel-works at Bocihutu luauitfacture crucible and Bessemer 
steel. Thirty-sis steam-hammers, from the smallest to the largest mt, 
are nsed in forging the steel. 

The Bessemer plant runs 7 converters, principally prodacing ml 
terial for mils and blooms to be forged into tires and asles. The Bes- 
semer steel and crucible steel for the manufacture of tires is made into 
blooms of sufficieat size to make from ten to twelre tires, and then is 
cnt up into pieces of proper weight, forged, punched, aod rollMoat, 
withont l>eing reheated in a beating-furnace. 

One of the special operations in the works is the casting of.steol in 
molds, after the invention of the technical director of the works Mr. 
Jacob Mayer, The importance of the invention was acknowledged by 
tlie bestowal of the great gold medal of honor at Paris in 1855. Al- 
though the process was not patented in the country, it remained forWi 
years the esclnsive property of the company and of those works in 
France and England which had obtaiiie*! the patent-right The great 
screw for a steamship, which was made for one of the ocean-steaiuere, 
having a diameter of 5^ meters, (17J English feet,) as well atiotlier 
heavy piecet>, such as the press-cylinder and the cast-steel bell, witbtlieir 
sharply-defined coats of arms and iusoriptions, .show the signiBcAtit 
progress of the Bochum cast-steel works. 

The cannons exhibited show the favorable condition of this deiiurt* 
meut. The first one, with a boreof L'l centimeters, was tested withfi** 
hundred shots to prove its durability, and fifty shots to prove its streogtbi 
by the imperial commission. The testimony of chi« commission and in* 
spection of the piece both show that the piece has undergone no notieo- 
able change in diameter or shape of the bore. The range of the piec* 
with ordinary charge is 8,000 meters, which is more than a German mil* 

The other pieces were also subjectetl to the most trying proofs, aa^ 
show no change, either in the bore or the straightness of the piec* 
With these piec«s are seen some missiles, some of which are new an' 
some of which have been liretl. The criicible steel for cannons is mad 
acconiing to a rule peculiar to the Bocbum works, and patented by theirS 
The steel is not brittle, and is characterized liy its toughness and hom<? 
geneous nature. 

80. Another specialty of these works U the manufacture of cast-Mw^ 
bells. We have not space to detail all the advantages andvirtneao 
cast-steel bells. The mauufactore of these bells dates from tlie yaw 
1831. As early as 1855, at the Paris Exposition, the bells of the comput] 
attracted general attention. The surprise of the inspectors at Uiln nei 
aiat-steel prodnct, indeed, the donbt as to the possibility of W0itin| 
steel in this way. was so great that they desired an in<jnlry to bQ nuide, 
toasoei'taia whether these bells were really steel, as was repi 
r whether they were made of east iron. 
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Jl of tbia inquiry was tbe bestowal of the great gold mmlal 
■ of tlie exposition, upou the follovriug grounds : 
bibited bells are characterized by perfectioa of performance, 
' clear, unmixed tone, nbicb ia ns clear as that of the best or- 
nse bella.'' 

seqaence, the jnry came to tlie conduEtion — 

e Bochum Cotnpany, by its nietliod of melting and pouring 

not only suiierseded bronze as the material lor bells, but 
1 a new direction to the manufacture of large forged and 

B for machinery." 
seeing decision of the French Jury has received a brilliant 
m by this year's eibibitJou. It was not only a great advance 
eal knowledge, witb but little development by practice, which 
the surprise of the .jury, for that which they cbaraoterize as 
I of performance " is not only "progrest " but a " great pro- 

11a are cheap, costing only half as mucb as bronze bolls ; they 
sad, since 1355, their manufacture has very greatlv and rap- 
rL 

18i>S, a test proved "that it is impossible with human 
Ack one of these steel bells with heavy sledge hammers." 
^icAt nse which has been made of tbem since the beginning 
iDufactnro, tbey seem to far outlast the bronze bells. 

first seventeen years, the number of church-bells that 
jttt» About 1,000, and about 1,500 of smaller kind^. In tbe 
irs about 600 eburch-bells and 1,500 smaller bells have been 
>t eteel. 

am bells are widely distributed over the whole of Europe, 
distribution is somewhat limited by tbe fact that they are 
both in England and in France under patent-rights 
tbe Boobnm works. Besides the great numbec that are sas- 
Huropc, six have been sent to Asiit, ten to Africa, forty-tive 
merica, and fire to South America. Most of those to whom 

sent have writtou, showing their perfect satisfaction. 
(■iug Is a [irice-list of the works : 
igliing 100 kilograms, '20 silbergroschen per kilogram, 
ligbiug from 100 to 150 kilogrnins, 18 silbergioscben per 

sighing from 150 to 15,000 kilograms, IG silbergroschen 

nervice that their bells have rendered, the company has 
rantee that iheir cast-steel bells will not crack, and they 
IBw to buy baek any bolls that shall crack in the future, at 
JM of the new ware. However, up to the present time, 
r of one of Ihochurcb-bellsis unknown. Tbe smaller kiuds 
naed for locomotives, lor example) are tbe only wnes which 
Bea Itiiown ;o break. ^H 



VIENNA INTERNATIONAL EXmillTION, 19T3. 



I UiecStJ 



114 

87. Exleal of Ihe Bochum worU». — For transportatiou wittiiu 
steel works, G locomotives, 100 cars, aud 01) horses are used. Steam- 
cngiuets, together of 7,500 horse-power, with liiO Hteftin -boilers niiil u 
very large hydraulic power, are employed for driving the works. 

The steel-worka Lave iu and near Bochum, 10 ptiddling-furpaces, S 
lieating<l'uriiac<?8, 92 auDealing and warming furnaces, 27 uupola aud 
reverberatory furnaces, 121 steel-melting fiiruaces, 135 forging and 
welding Arcs, 44 funinces for heating air, 24 cracible, tube, aud briclc 
burning-funiaees. 

There are 2 blust-furuwes now building, and 4 projeoCeJ, which will 
Boou be completed. Each of these six is capable of producing from 
120,000 to 130,000 pounds of. pigirou daily, 

la addition, there are SO rranes, with and without steam-power; i 
crucible and brick presses, 5 clay-mixing machines, 21 grinilstoueit, and 
300 working machines of various kinds. 

Also, 30 steam-hammers, the heaviest COO centners falling-weight; 
aud one of 1,200 centners is being set np, 

The monthly productiou of rail road -stoclc is as follows : 1,000 combi- 
nations (2 wheels and 1 asle) of car-wheels ; iO full sets of wheels for 
a locomotive aud tender, with the appurtenances; 2,000 car and 350 
locomotive axles; 6,000 springs for locomotives and cars ; 10,000 spiral 
springs for locomotives and cars ; 16,000 to 13,000 rails ; 200 to 309 
HerzKtucTie ; 150 to 200 Ocftofcclto yVeMienzuitgcn. 

S8. AiA for ihe workmen. — An institutiou, iu the form of a Joia^ 
stock company, has been established which has tor its object the bnifd- 
iug of cheaper aud better dwellings for the workmen and employes of 
the company, the obtaining and the productiou of the necessaries of life, 
the care of the old workmen and the support of their families. The 
capital of the institution amounts to 1,500,000 thalers, of which 300,000 
were received from the Bochum Company, 200,000 from the wotVmeu 
and the former employes of the company, and 1,000,000 thalera is a loan . 
After deducting tbolarge interest, (at 2 iier cent.,) theremuiuiog sutok 
devoted to the above-designated objects. 

GLEIWITZ FUBSACE, UPPEE SlLESiA. 

89. The Ilochofen sit GleiwUz in Obcrschlesin Company makes a mos 
instructive exhibition of the progressive changes in the form, size, aa^ 
production of their furnaces at diflereut periods siuce 1799. There nr^ 
four large drawings of equal scale, 1 to 10, giving t;ectiouB of the faa 
uaces in 1790, 1829, 1854, aud 1872, showing in a vivid and impressiv 
manner the gradually-increasing size and production. The data taker < 
fh>m these drawings are herewith tabulated, 
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Table showing dimensions and production of Gleiwitz hiast-furnaces at four different periods. 



DimenaioDS, nnmber of tnyeres, and prodnction. 



IHrneimioiis of famaoe : 

Height meters. 

Diameter at top meters. 

I>iameter at boahes meters. 

Diameter at or above tnyeres meters. 

Capacity cable meters. 

Tnjerce number. 

IVeclcly prodnction kilograms. 



1799. 



11.18 
0.96 
3.45 
0.94 



3 
13,700 



Tear. 



1829. 



13.14 

1.36 

3.14 

0.63 

4&14 

2 

25,000 



1854. 1872. 



15.04 

1.8b 

4.79 

0.94 

117.58 

3 

56,250 



13. 04 

3.92 

5.34 

2.56 

220.70 

8 

250,000 
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ExuiiwTios BY THE Schneiders, Crkczut ; Attractive 

ASD METALS used; MaKGAK-IROK J EXTE.VT OF THE WORKS; ULASeiFICATION OT 
IKON AJJD STEBL; TaBLB op THB physical PROPSKTIES Of SBVBS TYPES OF BOJI 
MADE AT CKEUZOT ; COM^tfERCIAL STEEL ASD ITS PHYSICAL PAOPBBTIES, AS CLUHID 

atCreuzot; Quality op rails; Pricks accordino to QnAUXY amd iiabdnih; 
Large castinos for lininq minikg-shafts ; Rbvollikb Bieteiz & Co. akv 
OTHER exhibitors; Alqe bun ores. 

00. The exbibitorB of tlie iron aud steel products of France did not 
eojoy the advantages of a separate building for the reception of objects 
pertaining to the luiniDg and metallnrgical groups, and cooseqaenUy 
their exhibits were distributed in the Machinery HMl and parts of the 
main building, and were not so readily fonud as tliose of Germany and 
Austria. 

The iron and steel production of France is shown by the annexed 
tabular statement from the years 1859 to 1874, inclusive:" 
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Pig-irom for refiD]D<r, for founderr par|H)$es anil for the manufae^ 
steelf classified according to qaality and appliances. Purnao^ 
the same. Some manganiron of high percentage, claimed to con* 
per eent. of manganese, was shown. This is made by adding 
nese oce to a bath of molten iron in the presence of charcoal in a 
s furnace. 
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Fig. 58. — Plan of Crenzot exiiibition— general arranf^oment. 



iresqne view of Crenzot. 
netrical plan of Crenzot. 
[ Bhow-cose. 
erals. 



iron. 



•nght icon.' 

) Steel. 

liances of the iron. 

[>liance8 of the steel. 



(It.) Fractures of iron and HttH^l. 

(12.) Rolled profiles of piooosof iron and 

steel. 
(13.) Engine of 20 borso-iH>wer. 
(14.) Locomotive, Midi Railway. 
(15.) Wheels, axles, and tiros. 
(I ) Cylinder of marine engine. 
(17.) Drawings of bridges. 



Wrought^iron classified by numbers of quality, from 1 to 7. 
bars showing the respective pliysical properties of each qunl- 

d 8.) Steel classified by numbers of hardness, from 1 to 11, and 
ks of quality, A, B, C. 

Specimens showing the quality of the iron, chiHsifled according 
lumbers, worked up either cold or hot, anil different appliuncoH. 
Specimens showing the quality of the steel, claHHifleil accord* 
he numbers, worked up either cold or hot, and diflerent appli- 

Fractures of rails and other pieces of iron and steel, Hhowiiig 
ture of the metal. 

Profiles (cross-sections poli.shed) representing the rails and 
nt ii-on made by the Crenzot Iron-Works. 

establishment manufactures engines and locomotivcH, and they 
, upon the s])ace marked in the plan 13, an engine for workshopH, 
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vitli vertical cyltuders ou t'rniuea; tiigli uud low pressure, with con- 
densatiou; 20 nominal horsepower; patent goveruor. 

In tUe center spauc, marked 14, a highly- tioislied froigbt-eugine lot 
8te«p gradients, fortbe Midi Railway Oooipaar; eigbt wheels oonpled ; 
oatside cylinders. Weight of engine empty, 47 tons 8 hundred- weight. 
This locomotive is one of twenty made to order by the works iu W72. 

(15.) Dpou this space rrtiifP(iy-!Cftee(« anrf arte* are shown iaaliighly- 
finished state. Both axles and tires are of Creuzot steel. Axles ami 
tires of the same pattern and finish are shown folded np and heut ii> 
opposite directions without exhibiting a flaw. 

(Ifi.) Upon space 1(5, opposite the steaiu-engiae, they eshibit a thiiin- 
engine cytiii'Jer, rough from the foundery, as cast for the paddle-eo^nes, 
with high and low pressure, of 350 horsepower, of the steamer Petrel, of 
the French navy. This piece weighs seven tons. The diameter of tl»e 
high-pressure cylinder is 3 feet If j inches, and of the low-pressure, 3 
feet 1| inches ; stroke of pistons, 3 feet 3i inches. 

(1/.) In the spaces marked 17 there are several models, pUau, ctn^ 
drawings of public works, bridges, viaducts, aquednota, &<u, unoo. 
them a drawing of the bridge of Friburg, on the railway from Laaaaaue 
to Friburg, 1859, of which the irou-work weighs 3,000 tons ; the swinS' 
bridge of Brest, 1800, weight of iron-work 1,170 tons; the bridge on 
El Cinca, Spain, ISCfl, weight of iron-work 217 tons. 

Drawing of the bridge on the Chiffa, Algiers, 18GS ; weight of iroD* 
work 410 toua. 

Drawing of the bridge on the Danube, at Staillau, near Vienna, co"* 
structed at Creuzot in 1809 for the I. R. P. Company of State Bailwa>'*i 
scale jj„. Distance between abutmeuts, 1,304 feet S inches; outnl?^'^ 
of columns, 4; distance between centers of columns, 203 feet 2 inched ! 
weight of irou-work, 2,140 tons. 

There is also a diagram showing the manner in which the bridge b o^ 
been put into its place by hauling. • 

Drawing of the bridge ou the Danube, at Vienna, constructed *** 
OreuBot in 1S73 for the administration of the public-works departmen *' 
scale j-L. Distauoe between abutments, I,03S feet j number of colama ^ 
' 3 ; distance between centers of columns, 275 feet inches ; weJgkt *3 
iron-work, 2,400 tons. 

94. Production. — The exact statistics of the works, as regards 
tent and production for 1873-'74, are as follows: 
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ton.— Tbo •iI*ii«Qn( of the oerki at proUDtld |iroen», and whigta ore U be fompliitn] lDlSTJ-'1< 
I Uken lolu aceuant in Iheie aUlliitlci. 

05. AWAHDs IN 1SC7. — At the Paris Exposition in 1SC7 a grand prizo 
u given lor tlie raw and finisbed producta of minoral indnatry, (Group 
) claas 40,) and anotber grand prize for mining-tools and processes of 
irking tbe mines, (Group VI, class 47.) A gold medal for railway-ma- 
rial; a gold medal for civil onginfiering ; a gold medal for materials 
' naval archiUsctare and saving of life; a gold medal for metliods of 
telling children and apparatns for tbo same, and also a bronze medal 
M. JJolet, as co-operator, for apparatus for tbe instruction of adnlts. 
J6, CLAssmoATiON OF moN AND STEEL, CsEUZOT.— Tbe classifica- 
Q before mentioned is based upon tbe needs of tbe consumer, tbe en- 
»vor being made to meet in a uniform and reliable way tbe demand 
eady existing for iron and steel of certain qaalities. In tbe notes 
d descriptions wbich follow upon tbis subject free use bag been made 
the valuable notes, in Froncb, furnished by tbe Arm. 
When Messrs. Schneider it Co. decided to greatly extend tbeir 
it«llnrgical works, tbey necessarily became solicitous that the outlets 
their products should also bo extended. To attain this end, the 
I'eet means was to seek to satisfy all the wants of the consumer in re- 
set of qnality as well as of form, or, in brief, to pnt into tbe market 
i eqaivalents of tbe principal varieties of iron in common demand. 
Oir first step was to procure a certain number of bars of tbe same 
scimen of the brands best knowa in France, England, Belgium, and 
all producing countries. These bars were submitted to mechanical 
>ts wbeu cold and when bot. Front the data obtained from ibousands 
eiperimeuta in this way, the coefticients of strength were deduced, 
presenting tbe relative value of each variety. It was found that tbo 
Host infinite varieties of quality produced by metnllnrgy could bo 
otiped in seven chief divisions, and that these seven groups or t.^iies 
'nld satisfy all the needs of trade and tbe consumer. 1[ then re- 
kined lo find the means of realizing in practice the manufacture in tbe 
BB^A}' of ihCHe seven types of iron with uniformity and regularity. 
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Clieinieal analysis of botli the irons and tlie ores was resorteil to, ; 
tbe mixture of ores was based upon the analysis. The re»uU, after leag 
efforts, bas been tliat tlie Orenzot ^V'orks prodnce seven distinct type* or 
(jualities of iiou, denominated by the nnmbersl to 7, which can bert 
lied upon, and which have been well received in commerce. The pUja- 
cal properties of each of these qualities of iron a 
Deeding table, 



rrioar tabic of the ph^nvat proptrtia of the sci-rn Jjjws n/ iron made . 
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* Tbe HsnnB fllren 
p*rBtiTe uid ■ppnuiinite, 

tThslnnnKdirersalliianrally uidenctly brongbt totbe 
ume ■ppirntiu and mtoner. >od b; tbe unis petBOn*. 

; Uj ui empirlcKl pnK:«si.jDitified b; cipeiicBce, tbe oniapsmtlTe value Lai It eipTMMd tl hA 
clouta of Kbicb the luaiimam, 100, conegpoude to tbe best chucuiil Lrdoi. 

97. Commercial steel, — A similar method of investigation waaadoirt' 
ed in respect of the various grmles of commercial eteel, and i-eaullol 
in grouping these varieties in three grand divisions, designated respect- 
ively by the letters A, B, and C. 

Tbe Ijrgt division, A, includes the great bulk of production of steel ;tM 
greater portion of Bessemer and of Martin steel, and some erwJil'l* 
steel made in England, Belgian), and in France. This grade of slfrf^ 
nsed generally ia rails and other objects of general inanufaelure. 
( third division, C, includes steel of execptional pH 
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SSrdiDg to uamoroua aaalyitas, is only to be Toiinil in the be^t products of 
Lhe crucible from cUivrooal-iroiiof tbo best Daniicinora brand. 

The secotitl division, B, comiirehcnds the steeU of iuteriuodiate quality 
betweeu A and C. 

The Bcbiieiders have undertaken to realize in their maiiiiractLire ia the j 
large way each of these three staudard types of quality to a degree at 1 
least equal or suiierior to the tnean of each, and they have adopted the I 
three marks A, B, and to designate three grades of steel which they | 
elttiui to bo able to produce wjth uuilbrmity. They observe, bowever, 
that the physical properties of the same metal are so greatly modified I 
by its degi-ee of hardness that it is necessary to take this harduess into | 
oonsideratioD. 

The clougation of bars of steel under strain varies more with tlio 
degrees of hardness than from any small differences of chemical coni- 
[lOSition. Tho elongation is an essential quality, which for the same bar 
I'arieii greatly with the dift'erent degrees of hardnesij. The classillcatiou 
Adopted by the Creusot Works is basetl u|>on the hardness rather than 
(he composition. Other metallurgists have takeu the degree of carbura- 
[lon as the basis of classiflcation. 

This basis of elongation being taken for the olassiScatiou, it became 
Dcccssary to tix the extremes. For the hardest they have selected a 
Steel which is snsceptible of an elongation of 13 to 14 per cent, or an 
average of 13 per cent., and for the softest, which permits of 34 to 33 
percent., or a mean of 3j per cent., of elongation. Tboy are able to pro- 
iloce at will such steel, and to maintain the production, as regards this 
i|uality of hardness and elongation, within the liiiiits of variation of 1 
pet cent, more or toss. They have also been able to subdivide each of 
those three groups A, B, and C into grades of hardness diRering by 
2 per cent, of elongation, commeneiog at 13 per cent, as Ibe basis, 
only as tho extreme limit of elongation recedes, as the purity of the steel 
[ncreasea, they have 9 numbers for quality A, 10 for quality B, and 11 i 
Dumhers for quality C. 

The classiQcation so adopted, with the numbers for each division, I 
«Dd their comparative resistance to puHiug-straio, are shown upon the 
annexed table. The bars used in these experiments were all carefully 
tnmed to a diameter giving 2DI> square millimeters of section, and were 
illimetera long. They were hardened in oil. 



124 



VIENNA INTERNATIONAL EXHIBITION, 1872. 

STEEL. 



Numerical table of the physical properties of standard steels made at Creuzot, bgq^HtjfoJ 

metal and degree of hardness. 



Decrees of hardness. 



Palling'Straia tamed barn. 
SOOmms of section and 
lOOmm in length. 



Permanent elonfEstion at 
the moment of breaking. 

Breaking-charge per square 
millimeter of primitive 
section. 

Breaking-charffe per sqnare 
millimeter of the section 
as broken 

" Striction,'*' (or relation of 
the broken section to the 
primitive section. ) 

Charge corr«>8ponding to 
the limit of elasticity. 



Coefficient of quality, hot. 




Degrees of hardness. 



Permanent elongation at 
the moment of breaking. 

Breaking-charge per square 
millimeter of primitive 
section. 

Breakiug-charge per sqnare 
millimeter oi tiie section 
as broken. J ( 

•• Striction," (or relation of] i 
the broken Hection to tht ' - 



primitive section.) 

Charge corn»H|>ouding to 
the limit of t-lasticity. 



Coefficient of quality, hot. . < 



( 



5 


6 


7 


8 


t 




1 




1 




t 




a 


1 


a 


1 


a 


1 


t 

a 


' 1 


1 


t 


I 


s. 


5 


o* 


1 


. 1 


? 


i 


o 


a 

9 


2 


§ 




' 8 


y. 


H 


^ 


H 


^ 


H 


^ 


. H 


21 


11. 1 


23 


13.2 


25 


14.6 


87 


18 


SI 


12.6 


23 


14.8 


25 


17 


87 


,19.5 


21 


13.3 


23 


16 


25 


las 


87 


'90.C 


62.8 


8ti.6 


58 


1 78.7 


53.8 


68.6 


49.8 


61.9 


64.4 


91 


59.7 


1 82 


55 


TA.^ 


50.5 


«5i8 


65.9 


99 


61.5 


89.8 


56.8 


81.3 


5JL8 


= «.< 


105.6 


125 


106.8 


126.5 


108 


12-i.l 


no 


1».7 


110.8 


136.2 


113 


,138.7 


115.2 


142 


119 


I4&1 


115.5 


151.2 


119.6 


'1,% 


123.2 


160.5 


127.5 


:l6i* 


0.595 


0.710 


0.544 


1 0.625 


0.493 


0.535 


0.4« o.«2 


0.58-2 


0.670 


0.529 


0.590 


0.477 


0.520 


a 485' o.« 


0. 570 


0.655 


0.514 


1 0.575 


0.460 


0.508 


0.409 0.1« 


3.1.2 


56.2 


31 


50.3 


28.8 


43.8 i 


86.6 


37.1! 


35.8 


62.1 


'SA.% 


1 55 


31.8 


49.8 


29.6 


44.7 


3f?.3 


68.8 


36.5 


, 02.2 


34.8 

1 


56.9 

1 


33.7 


51. S 


12< 


) 




1-20 


V. 


1 




115 


12. 






1-J5 1 


V. 


25 ; 




120 


13( 


3 




13U 


i: 


30 
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witlistaiuJing the great niiinbor of the experiments and the 
which they were made, the tigurea are not given as absolutely 
tematically accurate, bnt as approxi mat ions and comparative- 
of course somewhat according to the operator, the instruments, 
BDd the preparation of the specimen, and, further, according 
trinsio qualities of the metal. The bars, however, were all 
nearly as could be, in the same manner and turned to the same 
B, and the experiments were couflded to the same person, and 
ouducted at i lie. 

\lience.—The results published by the Oreuzot Works at 
nipriso, it will be noted, only elongation and " strictiou," (the 
etweeu the area of the fracture and the original sectlou.) 


bat owing to the extreme ditllculty of broaliiug the bars, oa. 
nong tlie higher numbers, it has not yet been possible to tabu- 
ese results. TheconcUision, however, is that in a general way, 
'erjual tjuality, the resistance to shocks has a constant relation 
iiess of the metal ; therefore, for most uses, and particularly 
lery, preference should be given to soft steel. 
B experiments have not only been laborious but delicate,* and 
?ied years of time. The tabular statements represent ouly 
vt of a series which the Schneiders ooutemplate pubUsbing, 


nalblDg IbG diargH com'spuDdiiig lu tbL' limll of olasTlcily, tin- expert- 
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and lliese were presented in advance aiuiply ou accoant of the 
tioa. Chemical investigations of all the steuls and the materials aied 
are also iu progroes. 

Each poaring of Bteel at tie works is submitted to physical tests, anil 
these are combined from time to time n'ith chemical analyses, and t\ibte 
Investigations are conducted iu such a manner that the prodnction of 
8tccl is under llie closest surveillance and control, and can always be 
kept within tlio prescribed limits as to ijualitj*. 

101. Deductions. — The examination of the tabulated results here pre- 
Beutcd Hngf(4>&ts some general conclnsions. In regard to-tbe bardneas, 
It Is seen that it is less aQ'ected by the tempering in proportion M 
the softness of the metal. At the extreme of the gronpiug and for tbe 
purest metal tlie hardening does not greatly affect the elongation, bnt 
increases the other properties. This metal is a kind of homogeneoflH 
Iron, or melted iron, the chemical composition of whicb is the same as 
that of the best charcoal -irons. We pass by insensible degrees, in & 
chemical point of view, from the hanlest steel to tbe softest iron, ¥illt 
this great ditl'erence aln-ays, that the iron is produced by the agglutina- 
tion of elements more or less tUorongbly welded, while steel is tbe re- 
sult of fusion, which assures its homogeneity, and gives it special 
qualities. 

102. The second observation is tliat, under tbe generic name of iM, 
some thirty diSereut qualities are recognized and differentiated by thtlr 
physical properties and by tbeir chemical constitution, ginng difltinet 
metals, so to si)eak. There is no resemblance between quality A, No. 1, 
and quality 0, No. 11. The name is the same, bat tbe snbstauces an 
different. This apparently very simple mntter is of great imiwrtanee in 
practice. A failure in an np|)lication of steel proves nothing against it, 
but rather against the choice made of tbe quality, whicb may not liars 
had any ndnptation to tbe purpose in view. 

It is im|Hissible to define " good steeH in an absolute manner. Toe)- 
st«el is not adapted to tbe construction of machines. It is the same vitb 
iron. A (]«a]ily wbich is exo«11ent for sheets, gives miserable rails, ud 
redliropiilly. hi (h« varieties of iron and of steel made at Cr^uEOtr e«*b 
purt>ose or application of these snbslanoes may find its approptitf' 
quality. Tbe pruchirt best adapted to tbe end iu view may be selected 
with eouDdence. The tables wbicfa are pnblisibe«l are intended as * 
guide to tbe consniuer, who will select the nnmber of Inwi or steel wbieb 
tins llio physie«l qualities best suit<>d to his porpose. The FoUovioS 
general statement is also to be considered : 

Kails are always uade of qnality A, of whicli tbe nanben of 
iiesA nutjt» tmm. 1 to 5, according to tbe preftreooes of rnlwar 
imnlea, the conditions of track, dinnlef traffic, &c Freoefc nil««^^ 
geoemlly nsr hard raits; Americao, wft rails; aod Bosaian railwajF^ 
prefer rails of tntcraiedtale qnality. For tires, parts of iiiacttLDiA,asi»'^ 
isbwts, &C., the hi^er Dsmbent of quality A are n«n n ^ 
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use qaality B. The qaality is used for special purposes, 
; certain plates, axles, ordnance, and other exceptional objects 
eqaire the greatest possible strengtii of metal, 
[■"or commercial purposes, nse is made of the annexed tables of 
id of hardness. 

Incrmut of price acrording to qaalitj/, hardattt, ^fc. 



Mirki. 


Ineroue of o«t i>« 100 klloGnmu. 


ByiiQilltj. By lurdness nambers. 




30 ^m:."- 










(Pei-noiDbm.) 





COMUEBCIAL HAKDNKBS TABLE, CREDZOT. 



aU elongatioH obtained c 


n bar, 200 iquan waiimtUrt of McflOA mA 100 nilli- 
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IBON LINING FOB HIHINO-SHAPTS. 

The company Aa Havts-Foumeaux de Marquise exhibit large cast 
for circular shafts sunk on the Chaadron and Kind systems, 
tve made these linings of the following diameters : 

Extrrior iDterlor 

diameter, diameter. 

2°.40 2".16 

71 3 .45 3 .31 

73 3 .89 3 .65 

bare supplied linings to the following localities : 

• llelghtof 

:lle Company, France 87".00 

lie Company, France 75 .00 

m, United States, Louisiana 135 .00 

in, France 75 .00 

'. 49 .50 

in 70 .50 

naximum thickness of these linings is 45 millimeters. They 
y will sustain a pressure of nearly 13 atmtfspheres ; the maxi- 
18 atmospheres. 

VAHIOUS EXHIBITS, FRANCE, 
rhe estiiblishment of ReTollier Uietrix et Cie., St. Etienne, ex- 
.st-steel tires, and a number of other Brms of the Loire united in 
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a collective exhibition of considerable interest. The 8oeUU Anonyme 
(les Acieries et Forges of Firmiuy, Loire, under the direction of P. F. 
Vcrdie, manufacture railway material, rails, axles, tires, cast steel, &c. 
They have a capital of 3,000,000 francs, and a production in 1872-73 
valued at 10,000,000 francs. They produce 21,600 tons of pig-iron an- 
nually. 

The SocUti des Acieries It Ermont exhibit a variety of articles of 
cast steel in illustration of the Lesset pix>cess, (3 Boulevard Haasmaoi 
Paris,) consisting of wheels, plowshares, ornaments, cog-wheels, tools, 
gratings, rail way -frogs, axes, &c. Some grape-leaf ornaments are very 
sharp and delicate, with a fine surface. The samples are malleable, and 
bear doubling up when heated. The same firm send a large drawing! 
in colors, of a furnace for heating crucibles by Ponsard's process, illus- 
trated also by folio plates published by the SocietS MitaUurgique 
pour rexphitathn du provides Ponsard. 

100. Alqebian ORES. — ^There are some masses of specular iron-ore 
from the departments of Oran and of Gonstantine, also hematites and 
sidexite and i)eroxide of manganese. These are shown by the mining 
department of Algeria. The ores of Mokta-el-Hadid appear in the 
exhibition made by Creuzot and by other establishments. The produc- 
tion of iron-ore in Algeria was nearly- 400,000 tons in 1872. Mokta-d- 
lladid supplied over 350,000 tons. According to Forbes,* the company 
owning this mine raised and sold 372,840 tons, and divided 7^ per cent, 
on the capital stock. The profit for 1872 reached the sum of j&119,797. 

The number of men employed in the iron-mines of Algeria at the 
vommeneement of the year 1874 was 2,655. The exportation of iron- 
ores during the years 1872 and 1873 was as follows, in metrical 
tons : * 



To 



Vr^n^v. 

lVI^:um 

il^nj'dkKY 

Kl'i-.AUd 

S'.NAia 



In 1*73. 


Ib 1S7S. 


357.331 
64.465 
13.670 

S5 


931.su 

40. MO 

4.90 

1.509 

61.157 


11.301 









41?.)»9 3S0.497 



The iH>rtiou sUipjHvl to the NetherlAuds was for transmission to (ier- 



manv. 






CHAPTER IV 



BELGIUM. 



ick and milxjs at ll^ge ; sclrssin company; rolled tikks, ouor^ 
; John Cockbrill Company ; Description of the Cockerill Works, 
ke-furnaces, etc.; tlie products of the works ; mining-machixert. 

B exhibitors of iron and steel in Groap I, from Belgiam, are but 
lere is a notable absence of any printed information concerning 
nd steel industry, or indeed any of the industries classed in 
roup, while under agriculture, the second group, the catalogue 
1 with statistical descriptions, 
jf exhibitors are — 

Inonyme des Charhonnageij Haut-Fourneaux et Laminoirs de 
?, at Li^ge, and at Seraing, near Li6ge. This company sends 
f coal and coke, and of pig-iron, at 150 francs the 1,000 kilo- 
il sheet-iron from 450 francs. 

ntity and value, estimated, of the production of the Belgian 
. in the years 1871, 1872, and 1873 is given as follows :• 

BELGIAN IRON-WORKS. 



Jtivity. 
mn — 



1 U>UII 



'ork« . 
1 tonti 



'orkfl . 
1 Uins 



ftctod, tons 



toel-vrorkH. 
I tons 



187L 



1672. 



48 ' 
600.2:10 ' 
£4, 794, 552 

174 

70, 427 
£53t),5<)l 

58 
407,210 
i:3,:*6»,787 i£4,ir79,254 



52 

055. 505 

£2, 616, 823 

108 

79.«J3 

£841, 685 

57 
502. 577 



02 ! 
33, 145 
£474,119 ; 

097.272 
£253, 107 

9 

8,900 , 
£126,800 



63 

28.393 

£427, 962 

749. 781 
£295, 617 

3 

15.2^*4 

£231. 240 



1873. 



007,373 
£2, 809, 929 

176 

81.303 

£1. 000, 901 

53 

480.374 

£5, 570, 009 

54 

23,058 

£4i28,02S 

503. 5f 5 
£240, 891 

3 

19.050 

£311.200 



* L\inmiaire Hiafisiique de la Jielghjue, cited by David F'orLes. 
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The official returns published by the uiiuistry of finance show the 
following as the importations and exportations of iron-ores and cast and 
wrought iron of every description : 



IRON-ORES. 



Importatione. in metrical tona. ExporUti<«iK in metrictl 



I 1874. 



Germany 542.9fHJ 

Netherlands 13. 5*22 

England 4,744 

France 1ho,401 

Spain 19.763 

Italy HOO 

AlKeria 2,549 

Sweden and Norway 1 

Other countries 2 



Total 764,778 



ie7a 



487,468 

9,467 

380 

827, 247 

10, 013 

191 

4.016 

755 



1872. 



586.038 

13,656 

624 

180,360 

7,932 



1.966 
14 



r 




::)9.536 ' 790.590 108,902 915,0» I 179.W 



CAST AND WROUGHT IRON. 



Importations, in metrical tons. ' ExpoiUtioniL in metricl 



tons. 



1874. 



Vig and scnip 

Castings 

l*»r-iron 

Rails 

Plates and sheets 

Other wrought iron 

Anchors and chains 

Nails 

Other manufactured irou 

Total.... 



161, 485 


1.175 


2.546 


14, 431 


422 


3,265 


94 


577 


3, 221 


187, 216 



1873. 



145.211 
1,265 
9.508 
9,677 
1.279 
4,710 
111 
477 
3, .-v^ 



1872. 



137.008 • 

981 I 

a, 090 

7,512 

562 

3.823 

78 

341 

3,536 



1874. 



11,137 

5.096 

8; 037 

99.99B 

96,090 

103,807 

5 

11,066 

16,555 



1873. 



9f7,907 

5^985 

9.9n 

79, M9 

18.910 

87,597 

17 

9.765 

19.802 



im 



168,826 156,9311 968,919, 936,716 aH;IU 



81, 4K 
9i« 

101, ft< 
31 

13. M 



108. Beams, aiRDERS, Fyrc—Societe Anonyme den Hauts-Foumeaux, 
Mines et Charbonnageff de Sclesshiy near Lie^e. This company exhibits a 
variety of beams, girders, round iron and steel, angle-iron and segmeD^ 
iron for forming hollow posts, and irou and steel rails, for all of which 
they claim superiority of form and manufacture. Their list of prices 
(November, 1872) is as follows : 

Fnocr 

Girders, 300""", price p(»r % kilograms 46. 00 

250, 237, 235 .... ' 44. 00 

135 by 150 and 130 by 150 40.50 

Segmental iron for beams and posts 38.00 

Iron rails .. 32.00 

Steel rails ; 4&00 ; 

I 

100. IJoLLEi) TIRES.— The Ou^ree Company of SeraiDiTi (AMitf A ^ 
la Fahriqve defer d'Ougree a Serahtg, pren LiegCj) of wh^ 
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tte general dii-eotor, makes a liae exhibition of rolled weltUetts tires for 
rail nny -carriages, temiera, and locoinotivos ; also car-wbeels and axles, 
all uitber of niic-gminod iron, padillod steel, or Bessemer steel. The 
lireit arc bt>aatir(ill.v airaiigeil onu above another, held together b; bands 
and bolt*), ko that tUey form a, high pyramid, with the smallest tires at 
at the top. One of the tires shown is 10 feet or more in diameter. The 
rings of steel from which the tires are rolled are also shown, together 
with numerous illustriiUve sections of axles and tires displaying the 
<|itality of the niiiterinl. 

This establishmeut was foanded iu IS^fti. It has participated in most 

of the great int^niutional exhibitions, and has received namerous metlals. 

JontJ COCKEKII-I. rOJIPANV, AT SF.RAING. 

The principal eittabliahiuents of the Cockerill Gonjpaiiy are situated 
at kerning, Belginm, six miles from the town of Lit^ge, in the valley of 
the Meuse, upon the carboniferous formation which runs through the 
territory. They occupy the estate which was used as a aummer-resi- 
deuce by the bishop-princes of Liege until the end of the last century. 

110. Sociele John Cockerill. — But by far the most important exhi- 
bition in this dcp^trtmcDt from Belgium is that made by the celebratetl 
Turks of John Cockerill, concerning which interesting information wim 
freely snpplie<l, and is as freely nsed. 

The works comprise coal and iron miuiug, the reduction ot the ores, 
tbe fobricatiou of cast and wrought iron and steel, the constmctioQ ol 
machines and mechanical and manufacturiog eiigiues, boilers, metalhc 
bridgex and vessels. 

The managomeut is vested iu a board composed of five members, 
Assisted by a director-general. 

The establishments comprise the offices for the direction, a special 
eugiueering service for the studies of construction, a library, and a lab- 
oratory for analy/.iDg the raw materials. There are, as respects the 
working, eleven special divisions, managed by chief engineers. 

The foundation of the Seraing establishments is due to John Cock- 
erill, born at Hasliugton, Lancashire, on August 3, ITDO, Uis father 
had in 1700 introduced at Lit^ge the construction of machines for wool- 
S[riDning, and, after having acquired there a great fortune, left, iu 1S13, 
llis Victories to his two sons, James and John. 

Coal and iron mining, the smelting of charcoal pig-trou, and wrougbt- 
itOD works ha<l been orgnnized in the Lliige tenitory for centuries. 
Bellies husbandry and oonnected occupations, the working class of the 
eonntrj' was mostly composed of coal-miners, smelters, blacksmiths, 
fittitn, oadtnaker.s, luck and gun smiths. Materials and workmen 

"■{Ti- tiu!. v,;uifiilg. 

I iiothers bought from the Xethcrlands government 
'utli its appendages, and established at first worka 

■•" ' " III.: I 1)1 steam-engines and machines for epinning flax, 
^^^^^^^^^HtofRi an lug 
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Jobn Oockmll camo to reside at Seraiiig in 183?, and bought thegnst 
of coal-mines upou wbicli the works stand, and took the proper tatMt 
ures to iiitroduce on the continent tho Bmelting of cust iron with artK 
and the fabriOHtiOD of iron according to the English process. 

The working of the factory was then chiefly supported by ordetsfrcw 
the Netherlands government. In 1S24, magnificent steam-en ginc« of 300 
horse-power were constructed niider John Gockerill's supervision for Itie 
men of-war of the conntry, while the English navy had engines nf 159 
horse- power only. 

Iq 1)J26, the lirst coke blast-fiirnace, tbe furnaces, the rollers, the htn. 
-aiers, the blti.9t-engines, and tbe engines for tbe iron-factory, were nsed. 
TheconI pits were fitted up with powerful exhausting and drawing Dt 
-chines. ^ 

The first continental railway was decreed by t)ie Belgian govflmmeiiE 
after tbe revolution of 1830, and the first locomotive was constructed fbr 
that railway in 1831, by the Seraiug Works, which, soon after, supfilM 
all the engines for the beginning of the Belgian net-work of rnilwnyg. 

The Seraing establishment continued to increase rapidly nntil tbe it- 
roisc of Jobn Coekerill, which happened in 1810. It comprised, In IMS, 
at the formation of tbe joint-stock company — 

Ist. The grant of coalmining, with three collicnca furni»>hed witbnti 
the pumping and lifting engines. 

2d. Thirty-seven coke-kilns ot large size. 

3d. Two blast furnaces with steiim -bellows, ami gmiiU of trouoiQeii 

4th. A vast iron-smeltery anil a copper- fonudery. 

5th. An i roil -factory, with 35 revcrberatory furiiacos, 5 acts of rolltfli 
the hammers, tbe divers steam-engines, tbe tools and apparotiu to 
complete the fabrication. 

6th. Au engine and boiler factory, contiHiiing lit forge-furnaces, 3M 
lathes and boring-machinea, :iOO planing, grooving, tapping, and peril- 
rating machines, &e. 

There were i.',200 employi^s and workmen. 

The moving power was equal to 920 horsepower. 

TheSeraingestablishmonts were placed, in 1829, by Jobn Cockei 
del- tbogeueralsuperintendencBof Oustave Pastor.hia nephew, aud tic 
latter continued hia services when the company was formed until 1866, 
at which time M. Pastor withdrew and was replaced by M. K. Sadotilf. 
chief engineer of the government navy, now tho general diroctor. 

The gradual improvements of tbe works, conlinnally eulart:ed, U«f» 
brought the productive powers of tbo various divisions to theirJpraMrt 
etate. Tboy now comprise — 

Coalminet. — Four collieries, with 3 shafts for raising tbe coal lotto 
top, ventilation, exliauat, lettinj? down and bringing np tbe workmea 
by Fahrkunst ; 21 engines, together of 900 horse-power; 2,tO0 workmen 
Since 1867, women work no longer in tbo collieries of tbe compuy. 
Annual production of fuel, 350.01)0,000 kilograms. 






JOUN COCKEEILL CO. — SKiUiSQ. 
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Coke-/urnaoe». — Fuiir groii[)s compriHing 143 borizoiital kiliiK, 13 j 
j:roap8 couprixiiig lilS Appol kilns, 3 hummers, and 6 wasUc-rii: C Ht«am- 
HiginDS to pall out the coke, 13 steaui engines of 1G3 lior^e-power col- 
ectively; 140 workmen. Annual proiliiction of ooke, 140,000,000 kilo. , 
gTains. 

Iron-mines. — ^Thirty mines in tlie Belgian provinces oT Li(5ge liud Xa- ' 
UDT, in Luxembanrg, ami in Spain. Sereuteen ongine«, miiial to 300 
lOrBe-powcr; 800 workmeri. Aiiiinal production of the mines, 150,0(H),000 
lilugiams. 

Ittaai'/urHOceg. — Five blast- furnaces, with apparatns for lieatiiig the 
itr, and tappingsUeds for ordiuary castiug, yielding annually 55,000,000 
lilograme; 4 tilast-furnaeea for steel pig novv building; 13 (ingines, col- 
ecUvely of 480 horse-power; 300 workmen. 

Foun4erm.~-Tvo iron fouuderiea and one of copper, 2 workshoiis for 
)vtli»ri niotding, eteam-craaes, 1,000,000 kilograms foiuidery fraiacs; ' 
UgitiCH, of 90 horsepower collectively; 280 workmen. Aminal prodac- 
jon, 5,000,000 kilograms. 

Iron works. — Seventy-fire reverberatory fiinmoes, Ili rollers, 7 ham- 
oers; 65 engines, of 1,000 horse-power collectively; 1,240 workmen; 
10,000,000 kilograms in mils, girders, bar and »hcet iron as annual pro- 
Inction. 

Steel-work*. — Ten fiesseruer converters from Q to 7 tons. G of which 
ire being monnted ; 16 reverberatory furnaces, 7 batnuiers, 4 rollers ; 40 
aogines of 3,07!) horsepower collectively; 50O workmen; 17,000,000 
kilograms steel as annual production, before tiii'. nsA of tln^ nnmount<>d 
apjiaratus. 

Forge», — Twel ve reverberatory fnrnaoes, 7 hummers, 70 forge- furnaces! 
6 engines, of 288 horsepower; 200 workmen; 1,500,003 kilograms me- 
Auical pieces as annual productiou. 

Bngiiteshopx. — Throe hundred and sixty-eight lathe,f, mortisers, plan- 
er*, perforaturs, tap borers ; .7 machines to forge bolts and screw-nuts ; 
i bydranlic presses ; moving-cranes, stationary steam -cranes, and others ; 
20 engines; 1 hammer of 264 horsepower; 1,400 workmen; 7,000,000 
kOograms machines and mecbanioal apparatus as annual prodnction. 

Bridge and hoUer huiUUng. — Fifty-five drilling, arching, cutting, plan- 
ing, canting, and clinching machines; 3 hammers: 54 forge furnact^ l-ll 
engines, of 120 horsepower collectively; 510 workmen ; 6,000,000 kilo- 
gmms boilers and bridges of various kinds lu annual production. 

Antwerp nhip-buUdintf yant. — Stock of tools iippropriaU^ for a ^hip'■ 
builder's yard, covered stocks, rafts and bouts, shear, slides and slips 
forlannchingnea and river steamers : stenni -carpentry and Joiner.v: 2 en- 
Kinea of 15 horse-power; 080 workmen: :i,r>n(>,WHi kilograms nnvid con- 
UrnetiouK as annual production. 

Interior conresaiiccH and faricarding. — Fillwn looomoUve-encines, Irom 
10 to J5 horsv-power. employed on the junctions nf the interior rail- 
^h_wilb tJie Xurth line; 420 workmen ; On horses, l.'i of whicli in the 
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112. MisoelUineous statistiai. — The area of the worka is 200 acrw, 
sected with 22 kilometers raitvaya of large section, aad 12 kilometers 
of small; oontainiDe, besides, a basin eominanicatingwitb the Menu 
by a canal, and 2 wharves. 

la 1872 there wore 8,912 peogile occupied, eiiiployta aad workmen, for 
all tlie works, ^^ 

There were 254 steam-eogines, of 7,831 horsepower iti nil. -J^M 

The wages paid annually amount to 8,000,000 francs. ^^H 

The coDsamption of fuel amounts to 350,000,000 kilograms. ^^1 

The production of the divisions is 25,000.000 to 30,000,000 ftttua. 

The establishment owns on the heights of Seraiug, iu a very healthy 
situation, a vast infirmary, kept by unns; it holds eighty-live beds. A 
special physician is attached to it. An orphan asylum, containiDg «t 
present forty-one children of both sexes, adjoins it. 

The establishment possesses also a dispensary, whluh delivers iiiMi- 
cinesgratuitouslyto the persons attached to its works and their familin 

In each division there is a refectory established after the best miuitm', 
for the meals of the workmen and the preservation of their food ; wont 
kitchens are adde<l to several of these refectories, and some bath* Art 
put up at the collieries for the miners. 

Lastly, a society for relief and pensions is instituted, without beisg 
compulsory, for the people of the works, and the establishment aooonll 
besides, out of its own funds, temporary relief and pensions to the work- 
men and eraployi^s not coneemed in that society. 

The Seraing works have constructed, (January 1, 1873:) 3,100 steuai- 
engines, from 4 to COO horse-power, for all manufacturing parpoMt; 
900 locomotive-engines ; 31,500 seta of mechanical apparatus and rad> 
ons pieces for manufactories, complements for factories, repuifA, tut 
mining, the reduction of ores, the fabriuation of metals, buildings, mgu- 
works, plate-glass mannfactories, paper-mills, spinning-mills, trellia MWl 
suspension bridges, iron-clad tuiTcts, &c. 

The ship-yardsof Antwerp and St. Petersburg (the latter discuntinabtl 
have supplied navigation with 2$2 sea and river steamers, yat^itn, nttil- 
steamehips, steam-tugs, pilot-boats, ligbt'Ship3,dredgingmachino»,tTtn- 
port-ships for travelers and merchandise, transatlantic packet*, n4MtlltE 
docks for iron-clad frigates of tbe fli-st class and monitors. 

The Cockerill Company has facilities and implements sufUcii'ut to 80)*- 
ply annually 100 locomotives; 70 steam-engines, from 4 to 1,000 bonw- 
power and above, for maritime navigation; 1,500 sets of inooliaaiHd 
constructions, complete works, speoial apparatus, repairs, &c. ; 0,000 
tons various bridges, turn-tables, &c.; sea and river 8teamer» of 5,000 
tons bnrden altogether; besides the surplus nut consumed in il^ works 
of fuel, ores, cast and wrought iron, rails, and steel above mniitinoed. 

At Li^ge, by the initiative of Cockerill, («cnior, tbe flixt fiictoiT- tar 

spinning- machines was established on the continent, and «t Seraing, bjr 

i Oockerill, the first coke blast-funiaco and the lirst paddlini 
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nm WB« put into operatiau, and afterward tim first coke-kilim were 
Tcctetl for tha mnking of iroo after the Knglish method. 

The first Hteam-«ogiiie, and afterward the first locoiuotive-eugiDe, on 
he continent were constructed at Seraing. ! 

From IS'ii, besides the large steam-engines fur maritime navigation, I 
ibe Oockerill establishment constrncted very powerful steam-engines 
or the drainage of the collieries of tbe Li^ge Valle;, where they are 
itill wurlcing. 

The establishment has been constantly improving, and has from its 
'oaodalian maintaineil the first rank for ita various productions, as 
ibown by its uuinterrnpted growth, the steady iucreaso of its business, 
uid its Huciieas in all the exhibitions in which it haa taken part. 

It exhibits at present at V'ieiin» the following cunstrtictious and 
products: 

213. I'aeket-bont engine. — Marine engine of 220 nomiual horse-power for 
;be uiuil-aervice of the Belgian government between Ustend and Dover. 

The steamers carrying tbe mail between Belgium and England are 
reniarkable for their great and regular speed, their accommodattoiis, 
and, above all, tbey are appreciated for their nautical qualities in atormy 
ir«athor. Their speed in calm weather reaches 17 knots an hour, and is 
HOC exceeded by that of any other Channel steamer. The average pas- 
mgo during six months, between Ostend and Dover, has been 4 hoars 
i uiiuutes. 

This result is not iuferior ta that of the steam-packets between Holy- 
head and Dublin, of 2,000 tons, with engines of 750 horse-power. 

This speed is owing to the perfect forms of the ships, to the relative 
power, to tbe eombiiiatinn and excellent make of the engines. 

The latter have given at the official trials a power stated at nearly 
1,600 borN4>s. 

Thu brilliant success obtained by the first of these ships, supplied iu 
ISGtt to the Belgian government, the Louise Marie, and the require- 
meDta of the mail-service, induced the guv^nment to cause seven of these 
stAAtuers to be bailt without theleast change of model. Six are running 
Fejfularly. The engine <lestined for the seventh is at the exhibition. 

All tbe principal forged pieces are Bessemer steel, coming from the 
Hteel-works of tbeCockerill Company, sacb as the shafts, the connecting- 
rods, and the oolnmns. 

The fthips have been built in the ship-yard of the company at 
Antwerp; the engines in the works at Seraing, Length at water-liuc, 
awiEaglixh ftset; breadth, extreme, 20 English feet; depth, 13 feet 3 
iBCliBBj register, gross, 563 ton^;; draught with 40 tons of eoal, 7 feet; 
ngtater, net, 505 tons. 

Tbe dimensions of the engines are as follows: 

Diameter of the cylinders, G8 inches j stroke of pistons, 4 ft. 6 iu. ; ox 
Uvue diameter of the wheels, 21 feet; breadth of the paddles, 7 ft. 10 
ijHHJ |iressure ])er square foot of the boilers, 30 pounds. 
H^B DMgalQcent steamer Alexandre II, built by the company for the 
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Volga, is provided with enirines siiuiliir to tlioae exiiibiteil. Thatflkip 
is the first " People's Line" steamer uavigating the Kurope<sin riren.* 

114. Blowingmnvhineg /or bl^ntjumnces. — The style of vertical blew- 
ing-machine used is peoaliar to Mie Cockerill Com|muy, and biiit Ncetred 
the name of "Seraing system." 

The first machiue of that system, with high pressure, wUhunl ti]Wf 
sion or condensing, was built in 1853, It has been working twentj- ye»a 
without reqniring any other than ordinary repairs. 

SIdco that epoch tliia atyle of engine has constitutly been improved. 
The condensing and expanaiou iu two Woolf-system cylinders baa been 
added. The results obtained have been such that the machine exhibited 
is the one hnndred and third of that style constructed by the Cockerill 
Company, besides twenty-four more now in construction in the SeriUDg 
works. 

The noinber would be much greater had the company byeii able to 
fulfill all the orders received. 

The advantages of the system come from the diivct aotiun between 
the impelling and resisting power, from the great length of the strokes 
with moderate swiftness of the pistons, from the strong expansion «- 
complished in two cylinders, and from the condensation. 

The blowing-niiiebines constrncted by the (Jockerill Company vuf 
mneh in size. The machine extiibited is of the largest model hitherto 
built; but there are some slitl more powerful now in constniction. 

The wind-cylinder of the machine exhibited is 3 meters in dtatueteri 
and the length of the pistoustroke is 2.44. 

In usual working, the machine makes 12j revolutions )ier minute, ud 

'Tbe fulluninK report from M. Dctcotirt, chkf eufjlDeur of tlio ustbI du|iarUi)ciili 
giTea au idea of thu norkiug al tbeae eii);itjm: 

"ASTWBlir, Frhrtiarjl fi, 18TS. 
"Sut: YiiureijueHt idq by jour letter of tli« 4 th instuut to uldreBH yuu a Mportna thi 
workiDEof tlieoarillatmi; eu|;lnos ofS'^O Uorse-power orttie mait-ltootB tll^twoutl f)»UDd 
and Dover. 

"I am bappy ia being able to state tliut tliose euKinoa, Mma of wbioli liar« bMn 
noiking Dearly six years, have bij^bty aatisilixl us, uid ausff(^^ pcualisrij well am 
«peciftl sec vice. 

"As you are awn. that a'^rvi rei^niree a perfect regularity ami a »\ui<!.A in:iinbuned 
ia foul wwtlier. Never having bnt a llmit«d nnnibcr of boats, oonBidering the isfid 
inoKaw oOonr ibterooano with Eaglaud, we hareLeen panitmliirl.v bvorml. iniomBeh 
that, eiuept a few con t!u gene iejt, the kee]>iog in repair aud repairing nf our nngltM 
have never mjuired longer than the time allotted for the usual stoppage of oar »tetw- 
ers, w hlob is never oonsiderable. To give yon an Idea of it, tlie LenpuUl HtitanuiT b** 
perlbnned no fewer than »96 pasanges betweui) Ostetid ami I>ov«r, and rn* i<(ria,fh>a 
M»Mh 4, 1969, nntil tbelst uf Jannary. 1^73, which jtiviw a diM*no«goni"iv»r«f»ta«t 
r<!>,(KM) milea of l,:)5ri uelera. 

"In short, the engines of our niail-buata, by their Hiniplicity and their ezuaOMl 
mounting, have rec|iiirnl but very few repairs, nud have altotv-od n* ta perform sd n-. 
(Millent nniutcTTuptod aervioe, notwitbstai 
It qnantity 
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irltb AD vflVctive preHsure t'O the boilers or 4 atmosplicres, it gives, per 
miatit^i, 250 cubic uieters of wiud witli a presstire of 20 cfintitneters. 

The Cockerill Conipany builds also powerful vertical blowiug-eiigiue» 
for Bessemer-steel -works, (^impressing tlie wind at Ij effective atmos- 
pheres. 

Ttic productions of tlie Seraiiig foiuideiii's beiugaltogetber remarkable 
for tite lM>aiity of the workritanship auil of tlie molding, and the absence 
of defects, a rough column of blowinjr-niachiue, such as it comes out of 
the mold, is alfio exhibited, and is truly a fine piece of casting. 

115. Locomotive- engines for tIte railway company of Upper lUihj. — Di- 
mensiona of tbe engine ; mtmber of wheels, all moving, (i ; diameter of 
wheels, 1.31 meters ; space between wheels, 3.^7 ; diameter of cylinders, 
0.45 meter; stroke of pistons, 0.65. Furnaces: interior height, 1.60 
meters; depth, 1.^05; breadth, l.OSO. Brass tubes: nnmber, 195; 
length between plates, 2.25 meters ; exterior diameter, 0.05 meter. In- 
twior diameter of the boiler, 1.33 meters; weight of the empty engine, 
30,671 kilograms ; weight of the loaded engine, 34,376 kilograms. Ex- 
treme dimensions: length. 8.542 meters; breadth, 2.900; height, 4.260. 

Tlie locomotive-CDgine is exhibited as a spei-imeu of gooil constructioo 
and of perfection of workmanship. 

The company has supplied the railway company of High-lEwly with 
forty-seven enginea of this stylo, and is now constructing twenty-four for 
the same railways. 

Smnil locomotiveengitieg /or stations anil service of (he works. — The Cock- 
ertll Company has constructed within three years small locomotive-eu- 
gini<8 with vertical boilers for the interior traffic of its works. 

The excellent results obtnined, as well for the service as for ecouotnj, 
hare been so successful that sixty-three of these engines have been sup- 
plied to mannfactnrers, and a dozen are in constrnction. 

Ten engines of that style, besides more powerful ones previously con- 
Btnicted, are employed for the traffic in the Seraing Works. 

The company coustnicts three types of these engines. The 'first can 
draw, horizontiilly, a load (engine not included) of 00 tons ; the second 
UrawH, under the same conditions,00 t^ons; 8-/1 thethir;, 100 tons. The 
eagine exhibited is of type No. II. 

The dimensions are as follows; Number of wheels all coipled, 4; 
diameter of wheels, 0.605 meter; space between tbe axle-trees, 1.400 
meters ; diamoter of pistons, 0.200 ; stroke of pistons, 0.250 ; total flre- 
■orCiKsi!, i H<|uare meters; contents of the water-taaks, 0.675 meters; 
conbenb) of the coal bunkers, 0.195 ; rough weight, when used, 7,600 
kilograms ; length, 2.220 meters ; breadth, 2.110 meters ; height on rails, 
3Jao meters. 

116. Perforators /or mining or rock-^rilU. — From the beginning of the 
boring of Mount Cenis, the Cockerill Company participated in that great 
work. 

B first nlr-compressed engines used at theCoscia, at Genoa, as trial, 
Vortrncted at Seraing. 
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The escelleut results obtainod, tUe great productive uio;ui* of ttl* 
company, and tlie active coucourse tliat ttie illustrious author otthi< Itor- 
ing or the Alps, Mr. G. Souiraeiller, met at Serniiig, inducixl tbu Itaiiao 
goverament to intrust the Oockerill Company witli tlio coustruvtiua ef 
all tlie mechanical working-stock, without exceptiou, necijssAry for tb« 
boring of the great tunnel. 

The company has supplied tor tUe horiog of the Alps more than A>ar 
million fmiics' worth in engines of »11 kinds ; wheels, water-whesls, va- 
ter-column engines, compressiou-machiues, perforators, air aad tfnter 
conveyers, &c. 

The couatrnctioii of air-compressed engines and perforatiou by uS' 
chinery has since become a special branch, carried to a high tlogrMOt 
perfectiou. 

X'itV compressiug-eugiues have been constructed in its work^, man 
tli&n five hundred perforators have baeu sold to manufiictonos, and us- 
merousmachiuesof that kind are uow iu construction. Mechanical driU' 
ing has greatly increased of l»t«. The Oockerilt Company uses it in its 
collieries, and it has supplied the Belgian and French collieries, &c, witb 
many complete sets, and is eouUnually receiving orders for miichtiios of 
that kind. 

Appreciating the experience acquired by theCockerilt Company, iwil 
acknowledgiug the superiority of the system, the St. Uotbard Tiiuad 
Company made an agreeme-nt for the supply of ii p.vrt of the ojmiinti^ 
ing and perforating miuihincs it requires. 

Two drilliug-macUiues are exhibited. 

Tile &rst has a csrtain historical interest. It is oue of the mtc^Ues 
employed by Soiumeiller iit Mount Cenis, where it has been for A Ion; 
while in use. 

The second in a simplification and modificatiou, made from tliut (it 
MouDtCeni«, by MM. Dubois aud Frau^ols.engineersatSeraiog. This 
perforatiug-maohine is constructed by the Caekerill Company for minM, 
and has been chosen for the boring of the St. Gothard. 

117. Steel and iron /orgingn.— The production of large forgiug9(tli6 
crank-axles for locomotives, the crauk-sUafts for sea and river st«am- 
boats, the locomotive and wagon wheels, Ac, in short, the muuhaulool 
forgiugs of ull sizes and shapes) h:ts always been oim of Ihu brancbei 
for which the Seiaing works have enjoyed merited reputatioa. 

The fabrication of locomotive and wagou-wheels priocipally^ ft 
special branch of the large forges of Scraing, by a peculiar pi 
which the company has patents. 

As speciniensof its usual manufactur'j, the Uoukorill Oumpauy cxUb-] 
its a moving-wheel of 1.30 meters diameter, weighing TS3 kilogrtuns ; a 
wheel of locomotive-en ginu 3.20 meters diameter at the revolving oinle, 
weighing 731 kilograms; a locomotive-wheel, wrought-irou plate, I 
er diameter, gross weight 520 kilograms; a box lor locomotivi!-oiiginO|. 
weighing 79 kilograms; a head of locomotive-piston, w«ighliigi< 
grams; a support for locomotive-slide, weighing Do kilograms. ~ 
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. i^oiluctloit iif the nUtel-w.jrkn.—THhif- Cookerill Uompany has long 
bxl Id itfl ufltablishmnut^ of Hemiiig a otisidentble steelwork ; va^t 
Ktildings foritfi enlargetuent will soou be fiaishcO. 

That pnrt of the works supplies the other parts of thu establishment 
tor the ooiiHlniutiHii of nuichines ami mannfacCares with special prodnc- 
lions of vnried forms. 

Bails, tires, mHchiuory of viv»vy kind atiit siKc, gun barrels, giin:i, niiil 
lOOpn for largu-caliber gans are mannfacttired tliere. 

Ak ^ecimi^uii of llntshfld mechanical pieces, the Cockerill Comiiiin; 
jxhibitR the piotoii-rods, connecting-roda, cranlts, crank-shaftfl, lev-ers, 
[tlTOta, Sic, of the m^irine engine which it exhibits, and also, as special 
[inMlnettona of usual workmanship, rallx, tires, springs, straight and 
inok ailH8, Kteel platvs ; a steel hoop with trunnions for cast-iron gun 
if largfl size, (uriKt>-[>ouu(ter,dinmeter,0.2-t meter); a steel hoop witboiit 
Iruuuian for th^ same gun. Tbese heaps are destined for the govern- 
uent of the yetherlands. A fleld-piece ;" an assortment of gun-barrels ; 
I collection of various patterns. 

* Summing mp of Ike f^epcritHenlii mailr hg Ihv Belgian goivrHittevt tpilA a HexKimer-tttel jpin 
if Ute Jahn Covktrilt Company. — The experioiHnts hikvo buea dlviilnl iuM twoseriM; 
ibfloltject of the Bnt nerlea waa l« MoortaiD the h»rtlueu«r(beBt«D[, tbe leaiad Berica 
ibB RfliiitAnoo ta tbo corrosivn action uf tho coans aail piivrilcr, and the ubsolute ro9i«t- 
knce of the stAel, (colioaivciieas, rnsiatance to bimtiag.) 

Tbo gaa true M Arst bored c»lilier 4, so »s to bo able to take off tliu lm[itos»iaii!i pm- 
loMtl by tlie tint l\i\ng. 

T«D altnu wjib H kHognmt powder, I wmlding, viilh Imx fur ball, wtii|;bms 'J^ 
illagrama. 

Five ntuiM with tliu witiie Inad ami tome di'hrit of pn^eotilea luclosed iu linen bags. 

After thin liriiic, tliti tiiuce waa brougbt batik U> llie ruyal gim-ruLindur]' lo Iw exam- 
Dm( ami liored caliber 6, {1)5.5 mi Hi maters.) 

No apparrut ilunia^ >!oiild bo discovered. 

Jbr«n4 »n-iw.— Five shots with 1 kllogritm ptwdnr, 1 waddliiff, \ ball ; 5 sliote with 
) Ult>)traiiiH iHiwder, 1 naddliig, 1 ball : h nhots with 1) kilograraa powder, 'i wwldinca, 
I ball*; 5Khot« witli li kiluj^rams powder, 3 wuddlnga, 3 balls ; 5 abota with H kito- 
[taiiu jiowdur, -t waddiri)^, 4 halls; 5 Hbols with H kllogrnrnH powder, 5 waddings, 
i bftUa; 5 iihota with If kilograms powdar, R waddings. U balls; Ssliots with 9 kilo- 
[IWM powdor, fi wadding), l> balln : If) shota with 3 kilogranu powder, 5 waddingn. F> 
balli. 

Tha exporlmnnn dotcmiiDod by the wor-mliilster being teniiitiHted, llir kuii mui 
Imwutll bM;k to lh« Aiuiidory to bit fxaiulued. 

\"up|.iiiiiil injury wtutaacarlaiDiHl by tbisexamiuattou. 

'I ai'tilWy coui])oitiu); tho hoard luked tbe war-Tniuiatpr fur bia I'oosenl 

' <.purimcDts. Tbe lirln^ wu renewed in tbe ful lowing manner : fishotn 

h-i powder, 6 waddings, 6 balls; 5 shots with S.B kllograma powder, 

i;iUa\ fi obubt with 3.5 kiUip-anis powder, 7 waddlnpi, 7 balls; S shobi 

Killi I kiliijfrnuis imudiir, T waddiDgs, 7 baitai lU ahota with 4 kllogranm powdor, n 

wadding*, <i liulla. 

uMfl ^ the load ut I kiliigramH, B vaM'wge. and 6 balls, the gtiu was lillvd to tli» 

^^Hm wm a({«>n bniii^lit bguk to the foiiuilery and oxamlnod. It was ii*u-rtainuil 
^^^Hbon WW very uearly intot^t. 

^^^B|Bd, MTuek hy Ihe Dxtraordinnry reaistance of that gun, duolarcd flml naiwt- 
^^^K WU every way proper fur the fabrientiun of fIcld-j>ii«os. 
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111). Mi}d€lsoJ boat4i and floating lock-gate, — ^The works have from their 
boij^inniiij; been enj^ged in constructions for river and maritime naviga. 
tion. 

The ship-yanls of Antwerp and St. Petersburg (the latter discon- 
tinuod) have supplied navigation, as previously stated, with 282 sea 
and river steamers, which have generally fulfilled, as to solidity, ele- 
g*anoo of form, complete internal arrangements, means of propulsion 
and acoommoilations, all the conditions stipulated in the agreements. 
The two irou-olad monitors with turrets, propellers, and machine for 
turrvts, air-exhausters, gun-carriages, centrifugal pumps and accesso- 
ries supplied to Kussia in 1804, had been ordered on the 18th of June, 
1S(K^. They were forwanleil to be mouuteil to St. Petersburg at the 
end of OctolH>r, 18(x)y and were delivered to the imperial Russian gov- 
ernment completely remounted and armeil. after trial, on June 13, 1864? 
,^in loss than one year.^ 

The ivmpany can build annually fourteen sea and river steamers of 
anv bunlen. 

The uuhIoIs e\liibiteil belon^r to somo of its most remarkable con- 
structions. 

The company exhibits a tlo.itingUH'kgate and some models of steam- 
ers. 

The tl-.utiiijr Kx'k-g.»te is intended for the canal of the Danube at 
Vienna. It is to prevent the pieces of ii^e coming from the breaking up 
of the main river entering the arm calle^l the -* canal,"* from collecting 
:hon\ and thus causing the low parts of the town to be overflowed. 

The Uvk-^uo is LvvV Vienna feet in len^h. 30 in breadth, and 18 feet 
in hoiiili:. The iron us^vl for its ivas:ruc:ioa weighs 300 tons of 1,000 
kilojnrams. 1: h,is Iven construoie^l frv^ai the draughts of G. de Engerth, 
l\ K„ an auI:o ivunoilor and memlvr o: the b.iarxl for the improvement 
of the Panulv. 

The s:u:omon: wh.v*;s :h:s ^'^.ir.l niVx-.^s o: ::> l.i'>.^rs gives all the de- 
:ji:Is iv:uvri::Ki: ::• 

Wh,-i: priiHTijvir.y chara<*:or:re^ the s:wal:y o: the works, work- 
silo•^^s• j*:ul sh:5^^a:!li::lJ: y:irvis o:' :he OvvkerlV. C.^mpjiay is the supply 
v^:* A*! :he workiv.i: stivk :u\vss;.^ry :o r,v,*«Ays: of all the implements 
:>r r.':t:a!!;:ri\\4* w^rkS, s?.ch ,is Mas: :\:r.;i>es* :rxi an J steel factories, 
or tor r/.xV*:*.A:v.v\^I wor'xs^ sio^v.: er.a::::e'S^ suvks of tx^.s. in short, of all 
s;eci:v.?rs^ ortv.i.r^ r.\,vh*.:u\<* ^,i^.:<^r^ r,:,wr.::aes neoeayarv for the exe- 
o,:::xv: ^>: .^^ >»,^rk s.:.V. .is :::a: x^f :ho S,:-^j 0.%-aI, or of engines of any 
k:rv., >fc::h v^r >» .:>..v,: stcar,'. :^:\^•.v*.;rs^*.v.w>, ves Aixl vorkxng-stock for 
:^.^* X^r.vi xS M.v...: iVv. > ::.■•.,' T.^;- ,v:v.'.v^r.v aIso s^nd for such 

.t?S«i'. ViAik .« i.> .V .>>. . > .xv .. .«. A > • ,>; ',. «,.. %*.;««kU^ lu irurK- 

,v : ./ > "^ : » X ,^ • .* ; ., > > * .< -. :. \ :< *";." •'-^ they supply. 
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120. The Swedish iron industry, — The Swedlsb contribution is 
cliaractet'ized by tlie number and excellence of tbe specimens of ores, in 
largo square blocks, which form a very appropriate foundation for taste. 
fally-arrauged pyramids of bar iron and steel. It is tbe beat collectioa 
of magnetic and specular ores in the exbibitinn, and was inado, at the 
cost of the Swedish Iron Association, by Professor Ackurman, author of 
an interettting brochure upon the production of iron in that country. 
Beasemer Rt«el and Martin's steel, in ingots and bars, are also prouiinent 
objects ill the collection. Here, too, is found a very complete series of 
eatnplci of the celebrated Dannemora atcel, and speciuena illustrating 
eacb Btage in the manufacture of steel from granulated pig-iron, pow- 
dered ore, and powdered coal. There is an extensive display also of 
BpicRel iron fWiin Sehisshyttan, containing from IG to 20 per cent, of 
manganese. The production of iron-ores in Sweden in the yoRp W71 
leacbcd 662,888 tona ; of bar-iron, 187,000 tons ; of Bessemer steel, S,000 
The production has been steadily increasing, and wilt be much 
Mter for tbe year 1873. 

. Faoeesta Steel-Wokks.— This well-known establishment was 
J represented by the materials used and the products, as will be seen 
e rollottiug list, nhich includes tlie remarkable series of test-speci- 
B shown from the testing-works of Mr, David Kirkaldy : 



i 




imer tteelfrom the Fagtrsta Steel- ^Yor^i», manufactured tcitliout alloy 
lehm,'' or of other cast iron. — (1.) Iron-or<?«, not roasted ; iron- 
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oroa, roastod j lime; yig-iron, witU tlie blnst-furniKe slag apiiertatDlRK 
tliercto. • 

{2.} Steel ingot, IS "tiiin" (21 incbes) sqitnre, planed; tieries at i 
Hum' (OJ inch) ingots, Itactured, of varioas degrees of bardnest, 
witli the steel slag apiiertaining tbereto;* series of forged blooms, fra& 
tared ; plate blooms, I'ractnred. 

(3.) P.vraiiiid : Side A, saw-blades; side B, steel for inachiDery,Hi]iu» 
and round, from J ti) 5 'Hum" {-^^ to 5^ iiiobe«) in diameter; mde C, 
rails for tramways and angle-irons; side D, 8t«el for springs, from IJ 
to 5 " turn" (I3 to r>| inclies) iu breadtli. 

{i.) For mechauical and engineering works, heavy axtew, cnuik-itliiifts, 
other forginga for macliinery. 

(3.) Bailway material: Axles, springs, butlers, (American patent.) 

(ti.) a. Steel for toots and implements; h. Mining imptemeutd, (boiw 
and sledges;) c. Guuban'els; d. Five gnn-barrel«, subjected to severe 
testing e.xperimenta at Carl Gtistat's Stad Gun-Manufactory, nt de- 
scribed in the annexed statement; c. Gnu-barrel, proved at tbe Ha*]- 
rarnn Gnn- Manufactory, as described in the anne):od statemeut; /. A 
series showing the different stages in the process of manufauturiug gna- 
barrels; g. A aeries of fractures made on steel bars of I "tuia^(ltiD' 
ches) B(]uare, of various degrees of hardness; h, A series of Bessemer 
products, taken at different period;* during the blow; i, Platet foe 
beliograpliy : (».) Polished plates; (b.) Samples of heliographed plat^i, 
together with impressions. 

(7.) Steel ot different forms, and of various degrees of hardnew. 
proved, as regards its strength, at Mr. ]>. Kirkaldy's testing establiBb- 
went, London, by sKperiments in tension, bending, compresaioD, toralDt), 
&c. A statemeut of the results is contained in special tables, whicti aK 
distributed on application to the secretary of t)io Swedish uxhibitifln. 

122. The ironore» and limestone employed at the cb arcual- blast f iff* 
naoes at Westanfors and Fagerstii consist of the following iiompDiUOt 
parts: 
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The average chemical composition formed by the mixture of these 
ronores with the limestone, employed as flux, is as follows : 

Per cent. Oxygen. Oxygen. 

Silica 11.93 6.37 

A^lumina 2.50 1.16 

Lime.: 7.51 7.53 2.14 

SJagnesia 2. 76 1. 10 7.53 _. ^ ^^^ 

Protoxide of man£:anese 5. 63 1 . 27 4. 5 L 

Protoxide of iron 19. 76 4. 51 

Sesqnioxide of iron 43. 89 

Carbonic acid 6. 02 

Phosphoric acid 0. 013 

Sach a charge yields, upon smelting, from 48 to~50 per cent, of pig- 
iron, which is tapped direct from the blast-furnace into the Bessemer 
converters, and consists on the average of the following component parts: 

Per cent. 

Carbon, combined 3. 460 

Carbon, graphitic 1. 289 

Silicon 0.771 

Manganese 4. 491 

Phosphorus 0. 027 

Sulphur trace. 

The blast-furnace slag contains : 

Oxygen. Oxygen. 

Silica 41. 96 22. 83 

Alumina 7.02 3.27 

Lime 25.04 25.65 7.16 

^lagnesia 17.75 7.09 25^^^^ ^^ 

Protoxide of manganese 6. 57 1. 48 15. 78 

Protoxide of iron 0. 23 O.J)5 

Alkalies not determined. 15. 78 



98.67 

As no alloy of speculivr iron {Spiegeleisen) or of ordinary cast iron 
is employed, the "blow" must be stopped when tlie proportion of carbon 
in the steel is reduced to^the proi)er degree. Notwithstanding this, the 
steel is entirely free from red-shortness. 

The following analyses show the chemical compositions of the various 
classes of steel employed for the purposes specified: 



5 d eg ; -^ = 

O CC ^ ; A< 1 -x 



,2 ereent Per r^nt Per eentPer cfnt\ 



(t) Btael for soft pUteii. railway-axles, &c | o.(b» i 0.008 Traco. 

(k) Steel for sun-Wrelfl, ahafto, &o { 0.25 | 0.036) 0.334 

M Soft ateelfor toola— aawa, ^c ! 0.70 ' o.va2 \ 0.356 

M Baid steel for tool*— chUwla, tarulng-tools. dec I 1.05 , 0.067, 0.355 



0.0*25 I Trar*». 
0.023 I Tra«^(*. 
0.033 I Trac«*. 
0.028 , Trace* 
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All analysis of the slag from the converter, taken at the close of t-lie 
process, shows its composition to be as follows: 

Silica 46.70 

Alumina . 4.24 

Linio 0.48 

Magnesia 0.17 

rn>toxido of manganese 32.37 

Protoxiilo of iron 15.63 

99.59 

•• I, the luulorsignoil, horel»y certify, on reiiuisitioQ to that effect, that 
barrels manufaetiired at the Fagei*sta Steel-Works have, for aboat the 
last thi^^H.' years, been esLcUisively employed for the small fire-arms con- 
si ructed at the Swedish Government Gun Manufactory for the supply 
ot the army, and th.it such barrels are still employed for the fire-arms 
now in course of construction at the s;iid manufactory. 
'• Srockholm, the tenth day of April. 1S73. 

•• C. G. BREITIIOLTZ, 
*' ^f^LsUr ('/* f/jt (>n/N«i«t>'. r'FiiittygmiUtarer) 

"Since the couKncncouuMii of the year 1S71, the IIus-]varna Arms 
M.raur'.Kiovy has taken its rtniuisite supply of gun-barrels from the 
l*.igc:s:a S:ivl\Vo:'vS. and found the said barrtrU. both as regards 
•;:a:c: a', av.d :v.ake. :o l*e of exvv'.Ieu: c^ualiry. 

■• i^v. >^!..r.:" v^: :*.:o IL:> :\ a::.a Ar:iis Man a:ao:..Ky Company, .Limited,: 

• V U IVi: A^lvAl:Cl^;>NA. ^.^ •* :::^«//»;re' .^^^^^ 

:. V ;* V :":s: V >-" : . ;> vv::sv: <.— T^:v ^^''r:v:uz is the report of 
:'. V v.vv z.:^ I \-v. .■..;••.:> v.\v. VA:r^*> :vav.;.:.u:.::v 1 a: the Fagersta 
S:iV* ^^ o:"xs v.a.-.s' .*: ... v' .:* i- .s:.*: '> >:,»:'> G ;. M.w:'/.;"'a:i«»ry, in the 

'.^ >,;.•...> * . .\ > x\. ^^ X j» - 1' •....'».- ^7^.fc -> ,1 ••■.ra^jv^is,' 

,i'. .". ^^ »' V \ < * ^-.V ' •■ . . - ..".■..'.; .■.■.". 

• I' ^ , ;" ^\\ \\ v\ <. N.-s. *. -. :.::', •, . \ . ,.;. .iv I V-T'-c a> dnrlivercd 

',■ • . . > .\ ^* .' v> . • . ,; . ..■..••. i '.T»; \.i \ i-.5^*har?ed. 

■ ". V \ . .' ^ . \. V N .\ ^ ... ... > ■ . ■ . : y.i^.rsT.i Siffx-l- Works, 

. . :.: .vv ' •• . '• V • V .. ^^ -••>;-..•:. ^.i :r:.: 1 ball 

.-. .'. .4 X v.^-. .- .• V ." ^ . V" .^ 7 ^r.v.: > ireri* 

. ■ • .• .vi V . . \ V V \ • . • . .; — :;: :j-; .j^r^iiaarv 

^: ■ - '^ . . .-^ .■ . . .■ : . :-: ;: j - .^rx,' l 

.V : .' ■•'■'• ^ ■ V. .'^ ri • ^ ■ . V i::;:tr •;•: balls 

'*.:.< :-.va>vv. ..• ".''*-• • ■■-" ^-^ ■ •/ . ' v V '■ - >,: ■ vts^ ^Iia: :a two 

•a v'- .'.* v^v- ,;4^ -• ^' .' .'.'v .-. •.. .\s -. *m: escaped 
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through the touch-hole. These barrels were reloaded aud discharged 
with the same result. 

''After the lead had been melted away from the inside of these bar- 
rels, the experiments were continued with all three ; the balls, however, 
being placed at the muzzles. This proof commenced with 1 ball and a 
charge of 0.5 ^ort,' (1 scruple 16 grains,) and ceased when the charge 
had been increased to 6 'ort' (7 drams 11 grains) and the number of 
balls to 5. 

^' In the following minutes the results of the experiments are more fully 
stated. 

" Subsequently, 3 finished barrels, Nos. 1808, 2511, and 2635, were 
loaded and discharged. 

"Barrel No. 1808, after having been subjected to the ordinary proof, was 
discharged with the usual sharp cartridge, and a testing-ball, placed 27 
'turn' (31 J inches) from the chamber-end of the barrel. The only 
result was, that a considerable protuberance was produced at the seat 
of the ball. 

"Barrel No. 2511 (rejected on account of defective make) was sub- 
jected to a similar proof, with the same result. 

" Barrel No. 2635 burst in the proof. In this experiment a testing-ball 
was employed, and the charge was increased from 1 ^ort' (1 dram 12 
grains) to 16 < ort,' (2 ounces 3 drams 10 grains,) when the barrel burst, 
after having borc^e fourteen times the charge for which it was con- 
structed. 

" Carl Gustaf 's Stad, the 25th day of May, 1872. 

" F. G. TUEFFENBERG, 
" Lieutenant in the Royal Oota Artillery^ 
^^ Working- Officer at the Carl Oustaf^s Stad Oun-Manufactory.^ 

10 I 




barrel Xd. I U llw Ml •! 
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ii«urs SUd. ISIh M*]-. IMTK 



O. TREFFENBElta, 



WortAna OfiMt 

"On Ilie 27tl! of Marcb, 1869, a ateel gun-barrel manafactured at ti« 
Fagersta Steel-Works vrns snbjected to teHtiugexperimeiits at the HiH- 
qvana Gun-Manufactory, in the presence of the uudersigued, and clartDg 
the progress of the eiiierimeuts the following observations were ootail: 

"Ist proof: A charge of gnnpower Ij 'lotl,' (o drams 1 scruple 1* 
grains avoirdupois,) X testing-ball. 

"2d proof: A charge of gunpowder 3 'led,' (1 ounce 3 drams 1- 
grains,) 1 testing- balls. 

"3d proof: A charge of gnnpotrdor 3 Mod,' (1 ounce 3 dniDis M 
grniiiB,) 3 testing-balls. 

"The above three proofs were discharged without any reinarfesW' 
result. 

"4th proof: 3>lod'(l ounce 3 drama 12 grains) of gnii|)oirilcr, 4 
testing-balls. Result: Thepowder-gasescaped through tbti touoh-liol*! 
tlie balls remained in the barrel, aud bad to be removed by mHling> 

"5th proof: 4^ Mod," (2 ounctta 2 scruples 3 grains) 4 IfHting-iiall*- 
Xo etiect on the barrel. 

"Gth proof; M H-t-r l" -1niin^ 1 «frniil-- K) ','r;itnsl of kwii«I 
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One ball wus forced into a positiou of TJ 'verktum' (7J iDOlies) from 
the muzzle. Result : A protuberance iu the forui of an egg was pro- 
duced in the barret, at tUe seat of the ball. 

" itli proof: 3 'lod' (1 ounce 3 drarns lii grains) of gniipowder. A 
ball was driven into a position of 1 ' verktum ' (1 inch) from the muzzle. 
Sesult : The same as in the previous proof, viz, the barrel was enlarged 
at the seat of the ball. 

"Stii proof: 3 'lod' (1 onneeS drams 12 grains) of gunpowder. The 
ball at the mnzzle. Eesult: The enlargement above described, pro- 
duced by the seventh proof, was extended by the eighth proof almost 
to the mnzzle. 

" Notwithstanding the barrel, after the discharge of each of the above 
proofs, was carefully examined, no other results could be discovered 
than those above described. 

" Lastly, it should be observed that the balls employed weighed 
originally 6.65 'ort,' (7 drams 2 scruples 18 grains,) but after they had 
beeo forced into tlieir positions, and, consequently, part of their Hub- 
atance had fallen off, tbey only weighed 5.50 'ort,' (6 drams 1 scrnple 
15 grains.) 

"nnsqvarna, dated as above, and signed by B. Munck, colonel, re- 
tired; Emit Ankarcrona, managing director of the Husi|varna Gun- 
Manufactory ; C. E, yorstrom, lieutenant-colonel ; A. J. Gnstafsson, in- 
Bpecting armorer ; J. tlolmberg, gunsmith ; Anders Herrlin, inspecting 
officer." 

124. IvlSKALDY'S ESPERIMENTS UPON EAGEBSTA STEEL. — Four 
large glass cases in the rotunda are filled with the specimens of 
Fagersta steel in different forms, just as they came from the tcst- 
iog-machines of Mr. David Kirkaldy in London. They exhibit the 
effects of pnlling, shearing, and twisting stress, and are described and 
illustrated in an elaborate memoir by Mr. Kirkaldy, entitled "Kesults 
of au experimental inquiry into the mechanical properties of steel of 
different degrees of hardness and under various conditions; manufac- 
tured by Christian Aspelin, Esq., Westaufors and Fagersta Works, 
Swetlen.''* 

This memoir is elegantly printed and illustrated, and is not only im- 
portant to engineers and those using steel in construction, but iB 
extremely interesting to the physicist. As an example of the nature of 
the investigation and of the results obtained, diagrams (Figs. 50 and CO) 
of two of the steel plates are here given. 

These plates, before being subjected to strain, were 10 inches wide 
at the reduced part, and both edges were accurately parallel for 10 
inches of length, and accordingly equal to the breadth or width at the 
reilnccd part. The seven holes at each end for connecting the plute to 

* ilj- David Kirkald;. Illaetraced bf plates and wood-outs. Jjondoii, Teitiuj; and 
Expedtuent&t Works, Soitthwark street, d. E. IH73. 4^. Pp. 39, with tables uud 
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the massive steel links of the testing-macbiue were carefally and at 
carately made in line, and to fit the steel pins exactly. In order i 
develop or make manifest the chauge of form of the plates when ondi 
stress, some of the plates had circles and others diagonal lines dravn c 
the surface. The distortion of these lines shows the extent of the yieli 
ing of the plate in its different parts. 



O O 
O 






o o o o 



Fig. 53.— II. IKT.— Diagrams of steel plates broken by pulling »t«a»- 
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Fio.60.-H. 1924. 

g. 59, with the diagonal lining, represeots tho annealed plate, (H 
of the series,) and tUo plate (Fig. (10) upon which) the circles were 
rn (H. 1924) was not aiiiieated. Both plates were half an inch thick, 
resalts are tabulated with others in the annexed table. 
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125. DrportiHcut of rolM Fastrita tletJpliit(« under p»lliKf-»lTt* 

hA&QE SPEUIMBSS-TEX IKCHES WIDE. LENGTH ^BREAST IL 
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There were several very interesting examples of the effects 0] 
plates by pusliing them through apertures of leas than their owa! 
eter, giviug cup or hell shapt'tt objects, liighly soiioraiiB, and > 
for gODg'bells. This lot of specimens formed Series G of Kirkalt 
moir, and he describes thom as follows : 

"Oft the efect of bulgingstrens on rolled gUelpUitei of varionti 
nesses. — The specimens for the above test were disks, twelve 
ameter, cut out in a latbe, and pressed through an aperture ten iBt^ 
diameter in my testing-machine, the end of bulger being tnrued to> 
radius of five inches. The two wood-cuts which accompany the tabulated 
report of the results Series G, show the form of the stwcimen previoM 
to and after esperiment. Ten pieces were t«sted as rolled unaDuealcil! 
and ten after being heated and annealed. 

" The following table exhibits the stress reqnired to force the spcia- 
mens of the various -thicknesses through the aperture: 






"All the specimens stood the ordeal without the slightest sign of any 
crack or defect in the manafacture. The clear tone given oat, OD beio( 
strnck, by all the specimens after being bulged, esceptiug those that 
buckled owing to their thinness, proven the soundness of the mattirUdt 
and consequently its special suitability for some engineering purpoaei, 
as well as for bells and gongs. It is only superior ductile materials tliftt 
will stand this test without cracking or showtug signs of lamiUHtiDDs ar 
blisters. Circles were drawn od one of the liat disks, H. 1901, and it in 
carious to observe the change in their form according to their 



WIKMAKBIIYTTA fAST STEEL. 



151 



60IU© part'* being distended, wliile the portion toward the circmn-1 
ference is compressed; the origiuHl circumference of the specimen. I 
being 37.68 inches, and that of the aperture 31.40; difference, 0.291 
inches, or lfl.6 per cent., which is tho amount of compression at the onte 
edge of the bowl. The material at the inner edge is still more ooin- 
pressed, the amonnt varying with the thickness. Thus we lind in the { 
flre-eighlhiucli plate the inner diameter is 8.0 inches; circumference,, 
27.91; difference, 9.74 inches, or 25.8 per cent.; and the depth 3.44 | 
inehes at th« center of the bowl." 

126. WiKMAJJSnvTTAsrEEL. — The Wikmanshj-ttacaststeel is claimed | 
to bo t'specially valuable for mint dies and for tools, as attested by ser- 
«ral certificates, two of which, from Joach. Ackcrman, the chief director \ 
of the royal mint, containing interesting details regarding the temiier- 
itig and trear of dies, are translated : 

" Dpon application made to me to that effect, I do hereby certify that 
cast steel, made at the iron-work Wikmanshytta, has been almost ex- 
clusively employed for coin-stamps iu the royal mint of this jilace for 
upward of two years, and was found quite as proper to that pnrimse . 
as the several kinds of foreign cast steel, both English and Germau, i 
which, daring the ten preceding years, have been imported for the use I 
of the mint, as being the then best known steel for the same piirimse. 
In the hist live months of the year IS(i4, when copper coin only, of three 
different sizes, was manufactured, the stamps or dtea of Wikmaushytta 
cnst steel sustained upon an average 30,018 strokes each, and it should 
here be observed that such copper coin is somewhat harder than the 
Swedish silver coin of sixounces. AssometUiiigestraordiuary,] beg to 
etatuthatonepairof stamps— for pieces of 4 riksdaler— have respectively 
sustained the following number of strokes by the mint-press, viz, that 
for the reverse side of the coin 90,000, and that for the obverse side 
more than 130,000 strokes, without either showing the slightest sinking 
(ir crack; and both of them were at last rejected owing merely to the 
fact of the flatter plaoes in the engraving having become worn and in- 
distinct by being repeatedly polisbed. Of the eight different degrees of 
lianlneNS, wherein the Wikmanshytta cast steel is aasorteii, that marked 
with No. 1 has been found to be the most proper for coiners' stamps. 

"Stockholm the 18th of March, I8(i5." 

"I, the undersigned, do hereby certify that during the last live years 
no other cast steel than that of Wikmanshytta, marked C. U. U. I., has 
been employed for i>oiu stamps iu the royal Swedish mint at this place, 
and that the said east steel, as to streugth and durability of the stamps i 
is found to be superior to the English cast steel of the best known 
klofU and marks, nhich were previously employed at the mint for the 
Mine purpose ; and that it is quite as good as the famous Krupp's cast 
steid, which, especially manufactured for coin-stamps, was employed for 
.Bon) than one year, whereupon it was again given up on account of its 
■■hgirlce. In the course of n coining, commcnceil some days ago, of 
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Iirass pieces of 5 iire, witli the same alloyage as that of tlie imperla 
Fi-eDCh brass coin, » pair of stamps have already sastaiueil T5,l)l)(> 
strokes witbout sbowiog the slightest defect. Many years ago some 
large, liardeaed pieces, belougiog to our coiDiog-presses, were mtule 
ot tbe same kind of cast steel from Wikmaiisbytta, aud were fitted iulo 
tbe presses, instead of like pieces of other steel which were worn out or 
split, aud the same have proved to be durable and are still perfectly 
faultless. The individual actually intrusted with the process of tem 
pering the coin-stamps, and who is a clever and intelligeut smith, oper- 
ates as follows: The stamps (one or two to three stamps together) are 
packed Dp into a hardeuing-box of iron plate, id a fine charcoal powder, 
aud are surrounded with clay uppermost at the month of the bos, Htill 
80 that tbeir bottoms or lower surfaces, which are turned up, rastftBe 
and uncovered. They are then heated by a coal-fire in a small draaght* 
furnace, and when they have the proper temperature, which is ascw- 
tained by their color, tliey are taken up and are refrigerated with purtt 
water in a hardening-tub, from the bottom whereof a feeble dash of 
water rises against the piece to be hardened through the water standing 
in the tnb, to the heigbtof about 0.75 foot. The stamp is plunged into 
the wafer only, little by little, in tbe first place almost nothing bat 
the neck, aud theu the other part gradually, but the bottom itself U 
cooled more slowly, without being plunged down into the water. After 
being fully refrigerated, the stamp is annealed in the following way; 
that is to my, a suitable thick iron ring, heated to a slight degree 
of redness, is slowly drawn over the stamp and is kept there nntil tlit 
engraved surface has assumed a yellow Ptraw-color, whereupon the ring 
is taken oflT, the tempering having then been finished. 

"Stockholm, the 19th November, IStiT." 

This cast steel is produced by the Uchatins method. Granulated pl|- 
iron is mixed with charcoal aud powdered iron-ore of great purity ailJ 
richness. It is melted iu graphite crucibles. ^h 

CONDITION OP TITE IRON-JIANUPACTURK IS SWEDES. ^^M 

127. The coudition of the iron-manufacture in Sweden at the Iiegtn; 
iiing of the year 1873 is the subject of an importaut^nemoir by Prot 
Richard Ackerman, assistant iu tbe IMining Academy at Stockbolm, 
prepared to accompany and elucidate the exhibition of Swedish ore*, 
iron, and steel. The memoir may, therefore, be considered as » part trf 
the eshibition, and this, together with its general value to tlie industty 
of iron, justifies tbe presentation of a translation in this place. 

128. ACKEEMAya MEMOIR — THASSLATioN. — AUliongh the Sn-wHslt 
troll-manufacture has been <tevelo|nng steadily, both as to ibo qiialib; 
aud as to the quantity of tbe iron prodnced, still, it canuot b»ili|il^ 
that at present Sweden no longer holds the prominent place i^^H 
iron-producing countries ai formerly. This, as will be sliaim, baS^^H 
brought about cliietly by natural r-AHfllriiiTt'i. '.vtiirh have hindei^^^l 
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Ti!Oii>fuclu&try; sUU, Sweden keeps pace with many other countries more 1 
densely popnlated and rielier in coal. Sweden, however, is just now in 
a state of transition to a new periutl of development, during -which, ] 
it is n>asonable to hope, the iron-manuracture will be brought to as high ] 
a degree as is [jossiblc in a country wbich has no mineral fuel in the 1 
neighborliood of its deposits of ore. 

Far from the qunlity of the Swedish imn baving deteriorated, it lias 
become, in consequence of improveil methods of production, not only 
pnmr and more uniform nnd dense, bub also has been produced in 
greater iinautity tban formerly; for example, the production in 1870 
was more than one and one-half times greater tban in 18C0. In compar- 
isoa with many other countries it is still very small, in tuldition to which 
Is tbu fact that, with a few exceptions, the iron destined for exportation 
boa hitherto been produced only in the form of pig, bloom, bar, or re. 
Aned iron. The Swedish iron is therefore only occasionally brought to 
market in manufactured forms, and the manufactare of iron-ware, with 
tbe exception of nails, has never been Rreat enough to supply the neces- 
Hities of tbe conntry itself. 

129. IHtlrihution of iron-ores in Sireden. — The cause of Sweden's pro- I 
dncing so little iron does not He in the lack of ore.t, for the country, on 
the contrary, is rich in Iron-ore, although its profitable occurrence is lira- ' 
ited to certain districts. 

Tbe greatest and most extensive deposit of ore is found in a belt run- 
ning from northeast to southwest, wbich comprises the soitthcru part 
of the provinces of Gefleborg and Koppnrberg, the northwestern part of 
Westmanland, the northern part of the province of Urobro, and the 
eastern of Wermland. Including in this belt Winkiirn, in tbe province 
of Kopparberg, no other deposit of importance is met with to tbe north, 
till as far as Norrbotten, where, indeed, at Gelliwara, and in other places, 
agreat abundance of ore is found. In consequence, however, of injurious 
compounds, and the scanty population of these regions, up to this time 
tbe mhies have been worked to only a very slight extent. South of this 
lielt there are very important mines, as Danuemora, in the iirovince of 
(Tpaatn, and several others in the provinces of Stockholm, Siiderman- 
htod, and ii'tter^iitland. Further utill, near the southern end of tbe 
WetteT-Kee, in tbe province of JcHikiiping, occurs n great deposit, that of 
This province borders on that of Kivjnoberg, rich in bog- 
1, which are also met with in several other provinces, though in 
rqnantity. 
hongh the richness in ore is thus very considerable, most of tb& 
^\aen M 4>resent are not in a condition to yield greater quantities of ore 
annnally, this condition being in turn dependent upon tbe fact that the 
demand for ore has been hitherto so limited that the necessary quaotity 
cuold eaWily be furnished n ith the old apparatus. These relations are 
abitiit to unilurgo an esxoutial alteration, and the continually increasing 
H||nmptJoa of ore will surdy deninnstrale soon tbe necessity for a more 
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Tlie first condition of scDsible mining is tbat euch mine sliall belulig 
to not more than one conipauj', while it nowliaiipens that onu mine i« 
often divided into several parcels, eacli cue of which ia vorked rather 
independently, and withoat proper connection with the other parts, by 
the different proprietors. Indeed, within the last few years many sncii 
pits opened on one mine have come into the possession of one couipany; 
but there is much to be done iu this direction before the luiniag-itysteiu 
can reach such a point as to guarantee for the future a sure proilactiOD 
of ore, both extensive und cheap. 

130. The sources of fuel. — In order to bring about a greater iito- 
duction of iron, it is not enough to possess rich sources of ore ; ibe 
amount of fuel necessary for the smelting and further working of tlie 
iron must also be present. It is precisely the smnll supply of this m- 
portant element in iron-making which limits the iroa-prodaution «[ 
Sweden, for mineral coal occurs only in the most southerly part of th» 
country, at Schonen, and possibly also in Southern Halland. The de- 
posits of coal occnrnng there belong, apparently, to the Liassic, or per- 
haps to the upper and most recent part of the Tiiassic Ibrmation ; which 
of the two cannot be determined with certainty from the petrifkctiOM 
hitherto found. 

It is not impossible in Schonen that coal may be present under, or 
perhaps in, the calcareous formation; how it is related to it is uot yet 
fully made out. At Hiigauiis, and in a few other planes in the north- 
western part of Schonen, coal was found an early as the seventeentb 
century, iu small quantity to be snre; so in the earliest times extetism 
and thorough explorations of the coal-formation of these regions were 
begun. In the remaining part of Sweden, unfortunately, one cannot 
hope to meet with coal, since, with the exception of the rt-'gimis named, 
the rocks which form the body of the country belong partly to tbf 
Lanrontian or primitive formation, and partly to the Silurian system, 
while the later deposits, except a few metamorphic areas, belong exolu- 
sively to the latest geological age. 

The iron-ores (magnetite and hematite or specular ore) which are usu. 
ally met with elsewhere in Sweden, do uot occur in Sohoneu ; thoagli It 
is by no means impossible that in searching for coal an argilUceoQS 
iron-ore* may be found, and in that case, if the coal of Schouen slionld 
prove suitable for the blast-furnace, this province would enter apoD a 
tlonrishing iron-industry. If, on the other hand, no important dc|>o«it of 
nrgillaceons iron-ore be found, still the coal of Schonen, if on hcttAr ac- 
ijuftiDlance it jnsti&es the hojHis now placed in it, wonld be uf esHeutial 
\-alne to the iron -manufacture of Sweden, although the couaiderable 
distance (nbout d3i) kilometers) of that province from Uie great intu ore 
belt would esaeutially lessen its value. 

* An iucouaideral>lo deposit nf anch ore ha» Wru ftlfraily iliticorend at 
wliich sare bj (ho ornoilile-KSMV »S.C ii«r cent, of plg-lron witb 0.13 perMBtc 
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■ the Tutarc, be ft as it may,Swedeu is still pre-eminDUtiii tlie 
[oriierores, both with the fael irliich the forests audpoat bogs afford 
1 that imported fronf other coatitries, for the refluiDg of the iron pro- 

^131. TranKpurtathn. — ^The iliiposilsatarenre l>y no means, as has been 
nnifoniilydiislribiitedovertliewhoiecountrj-; the densely nooded 
Sorrlrtnil, for cxampli>, U wholly lacking, as far as is now known, in 
nbundflDfte of ore, with the exception of the province oF Gefleborg, and 
the deposits at Oellivara, LiuKavani, and a few other places iu the uortU- 
em part of the coantry. The same holds good also ia a greater or less i 
degree for many other forest-regions of the oouutry. 

It is, moreover, an iitideJiiable truth that an important iron-iodustry 
caiituit (xmie into existence without convenient and ready means of in- 
tercourse, even in a country rich in coal. This must be the case to a much 
greater degree when the fuel necessary for the working of the ore must 
be brouglit from great distances, as here, where it consists eutirelv of.. 
forest-products. It is also a simple thing commonly to anite larg^l 
deposits of coal with neighboring, or at least not very far distant, depOi- 
it« of ore by means of railroads; bit scattered forest-regions lying far 
from this mines are not so easily traversed by railways in order to bring 
the prmlucls of the former to those of the latter, and this is especially difli- 
colt in a thinly- populated country like Sweden. In this country, with an . 
arttaof 44.'>,tiUU square kilometers, or 8,07»8(ioani miles, of which 37,3W j 
wiiiare kilometers, or 679 square miles, are water, acoonliug to the census ( 
of 1871 there were only 4,20.t,l77 iidiabitants, by far the greatest part of 1 
vbom dwelt in the soathern half of the country. Taking away the pro- i 
TincBofGefleborg,the remaining part of Korrland, with iiuareaof 243,7U0 I 
B<|Dare kilometers, or 4,42.j square miles, bas no more than 378,731 tnhab* I 
Itants. The southern and smaller part of Sweden, iu 1871, had less than j 
3,82(l,lMHt inhabitants, and it is not snrprising, therefore, that it was long J 
feared that no railroad would be prolltable here. Experience bas showtl 1 
that this fear was groundless, and very important railways have beea i 
fioished during the last year. 

K At thQ end of 187 1 there wore 1,833 kilometers of railroad in opera- 
ta; of these, however, 1,1.S7 kilometers were main-trunk railways, ttnd 1 
^f occasionally touched the ore-districtii, but, as main routes, aimed to 1 
Dto certain important places as directly as possible. Un the other 
baud, during the last year so many new railway-works were finished 
that at the end of the year 1.S72 about 3,1 OU kilometers of new railroads 
o Iu process of building, of which a very considerable part were miu- 

Widenog Sweden in a measure well provideil with railways, still i 

j^fron-iiTOductioii, as regards quantity, cannot iiicrease greatly in com- 

loD with other conntrics, uuless a hitherto unknown greater deposit 

B be diiwovereil near the coal in Schonen ; for only on this supposi* 

II* e<ti)i'nse of ii production of ordinary Iron iu great qnuDti 
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ties for tlie market of tlie worW be possible in Sweilen, Without 80<ft ' 

iscovery of ore iu Sclioaen, Swedeu must limit herself bencefortU to 
tlieproduction oftheso-called ''fiiiality-iron." Tlieimpossibilityof fonnd- 
aa iron-mauufiictare wbicb sball be iinportaitt in tbe pmseattiine 
is mucb greater for SwetlcD, since there the second growth of the forest 
takes place much more slowly than in various other couiitrieR. 

Since the forest-products, by greatly increased facilities of eomranoi- 
cation, obtain a bigher valne, tbe forests will be better cared fur in tlie 
fntiire, and tbe revenue obtained from tliein will be greater than noir. 
In the more remote forest-districts tbe peasant bas done nothing at nil 
for the second growth of the wood; but even under the snpposiciotiof 
Ihe fulfillment of what has jnst been said, it still remains impossiblu lo 
Imild up a great iron industry with charcoal alone. EAcb kilometer uf 
forest in the neighborhood of our works, when it receives the best car*, 
yields annually only i*7.j cubic meters of hard wood, while a wtaan: kil- 
ometer of forest, as ordinarily oared for by the .Swedish peasant, if It 
has not been wasted, yields often not more than 103 cubic uiQWraof 
hanl wood annually, and from a solid mass of wood is obtained, aecorfl* 
ing to tbe care in burning, 00 to 100, often only GO to 70, per ceuUln 
volame of coal. If 7.3 cubic meters of charc^ial (coal-dust, &c.,iiicttiile<l| 
are reckoned to tbe ton of pig-iron, and if in tbe future as good care it 
bestowed upon the forests in general as is now given to a few forut- 
properties, a wood-area of 2.3 hectares will be required to supply thA 
fael necessary for the prodnctiuu of the quantity of iron [nentJuiieil. 

.32. Use of English coke. — ^TUere is a possibility of tbe amonut of 

u prodnced increasing considerably by tbe use of Euglish coke for 
tbe blast-furnace, and then refining the pig-iron thus obtained by tbe 
Bessemer process. An important advantage over tbe English cannot 
be claimed for such a Bessemer product; it would be equal to it, Unw- 
ever, and quite good enough for rails, &c. Such a production of pig- 

m, based on English coke, has been seriously considered in Swe4leD, 
and could be accomplished much more easily than the project of export- 
ing Swedisli ore to England, for the production of pig-irtin. This is 
partly because the freight to England is much bigher than the retom 
freight, and partly because fully one and a half times as great a weight 
of ore is necessary for the production of pig-iron as of good coke. 

Although the old iron-works, with tbe help of coke from Euglanil, ot 
possibly from Sohonen, conld couqjete with the English Bessemer pro- 
duct iu a wider range than formerly, still it is uot possible lo produce In 
this way an article equal to the ordinary English in price, and it wiB 

naiu none the less impossible, therefore, for the old manufactariDg 
regions to develop an iron -production actually great as regards qaantity. 
Iu this there is no obstacle lo prevent the amount produced hitherto 

Teasing considerably, after tbe completion of railroads now biiiUlinfr, 
and also others; and it will first becomi^ possible through these railronds- 
to leave the beaten way, that of producing bar-iron alinoxt exelgalytlytf 
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Vtota wliut tiiiii beeu said alreiidy, tbe importntit advancetneiit of tlie 
iron-product iou through railways must be eviileut ; but the further 
I>roof of this mutter is the fact that the forest-districts lying Dear the 
brger iniDes, which have beeu worked for a long time, throngli excesS' 
ire cutting, liave become in tbe lapse of time very much cut away, and 
the conseqnence is that the charcoal needed for tlie smelting of the ore 
most be brought from ever-increasing distances. With the aid of good 
oouimuiiicatioD, however, the amount of charcoal, which in the immedi- 
ate neighborhood is begitniing to fail, can not only be restored, but, by 
tncderat« cutting of the forest, far move coal than formerly can be made, 
»iuce in many dJstaut forest-regions tbe forest, until lately, ba» beou 
wholly valuelehis," and therefore has been very badly cared for, so that 
it bos not yielded nearly tbe income which it might have done byjudi- 
cJoos economy. lu addition to this, it has been customary at distant 
Baw-milU, with strauge wastefulneas, to burn, as useless, not only all the 
sawdust, but also all other rubbish, like bark, slabs, ends, &c. 

It bas been intimated above, and is shown more clearly by the follow- 
ing statistics, that the Swedish iron-works have, with few exceptions, 
produced till now almost exclusively bar-iron, or, in other words, mer- 
chant-iroD. This circumstance may appear strange to a foreigner who 
is accustomed to seeing a ready ware, or at least parti ally- refined iron, 
produced at the works ; but the chief cause of Ibis, also, is to be souj^ht 
for in the insufficient means of communication of the miniog-dtstrictB. 
I'ig-tron and bar-iron can be manufactured with profit in very small 
quantity, while this is not so much the case with railroad-material, 
aince larger and more costly mills are necessary for that work, and they 
mnst have a considerable production iu order to defray tbe iirst cost. 
For tbisit is indispensably necessary that considerable quantities of raw 
muU-nal can bu brought to one point at a moderate price, which cannot 
be accomplished without good means of communication; in addition to 
which is the fact that a railway-connection is more necessary for irou- 
works which produce ready wares than for those which nmuufacture 
only merchant- iron, since tbe time of delivery is not usually so strongly 
limited for tbe latter as for tbe finished g<x>ds. 

13.'t. ^VnUir-jwwer. — It is fortunate for tbe iron- man nfaetare of 

tjwedcn that the country i.s rich in water-power, small streams occurring 

in numberless iinantity, on nccontit of which all iron-works are located 

« t water-falls. In the mining-districts also rjuantitles of water occur 

^bUch afford thousands of horse-power, aud when these are connected 

^HMailroads with tbe mines and forest-regions they will afford the most 

^^KBUe situations for greater iron-works, esi>ecially when gi-eat saw- 
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mills, aa 13 non^ aud then the case, nre nheady mtimt«<l on tlie aaaie mSf 
for the ironworks can tlien use tbe refuse of tie saw-milU witbout f-xtra 
cost for transportation. Many iron-worka iDtcuded for the prodactlOD 
of railroad -material and sheet^iron have been locateil in such 
within tbe last two years, and it is the intention to have them com] 
at the same time with the railroads leading to tbem. 

The demand of the world's msirket for Swedish bar-irou is in bctrttj 
limited, for it is much too good for most parposes, and its v«luu can 
therefore be properly estimated only for certain uses, as for making tbe 
beat steel and a few manufactured wares like wire, horse-nails, &c. A. 
cheaper and poorer iron, on the other band, answers for most purposes, 
and as inconsiderable as the amount of production of the Swedish iroa 
has hitherto been, it has still been able to satisfy all demands under or- 
dinary circnmstances : therefore an increased production of so espea- 
sive a merchant-iron as the Swedish for many years woald only biing 
about a lowering of tbe price of iron. If an essential increase of tbe 
Swedish iron-prodnction is to bring an actual advantaine, it is iodispoi- 
sably necessary that new works for the production of other kinds of ittui 
than bar-iron be built; and this has, as has been remarked, »ctiiall; 
happened, and also many of the old bar-iron works are beginning to 
change to the manufacture of Bessemer and railroml-iroD. The otbu 
works, which remain as formerly, will, in consequence of this, he tMt 
to depend upon so much tbe more certein sale of their product in the 
future. 

Alter these more general considerations we will now pas^ to a mare 
definite statement of the condition in which the Swedish iroa-niannft^ 
tnre is at present. 

134. Oeological association of the iron-ores of Urccden. — The iron-omcf 
Sweden are chiefiy magnetite and hematite, which are classed togeter 
as mine-ores, to distinguish tbem from the bog-ores and limonite wbttb 
also occur, but are worked only in the province of Smaland. 

The magnetic ores by no means always correspond to thu formala 
FejOttbutwith one molecule of sesquioxidocau contain more or less than 
one of protoxide. Sometimes moie or less hematite is intermingled, as 
in the ore trom •' Stora-Eispberg." Sotnetimes the mHgnetite is so mfxM 
with hematite that it is hard to say to which class it belongs. In unw 
mines, also, these two kinds of ore occur in beds side by side, aa «( 
Griiiigesberg and Dalkarlsberg ; usually, however, they are separate, 
60 that the same mine only affords one of the two ores. 

The mine-ores, or the magnetite and hematite, belong to the Iiaaren- 
tian or primary formation, and never occur in with gangue or reiastonc, 
but as actual beds or strata, which have the same strike and dip as tlM 
surrounding rocks. Many deposits of ore possess no great «staDt, bl 
soon thin out ; if, however, the strike of the rock is fotlowod, 8D(n|H 
later a new deposit is met with, and in this way the same bed*J^| 
C(Ul often be followed for a myriameter. Other beds of ore, on Ul^^| 
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Mind, often bave a coniiuuous esien-sioa in the direction of tbe strike, of, 
tatiTiy hundred meters, witb a raryinj^ breadth. 

The beds are sometime^) sharply cut off and more or less displaced by 
transverse bed», so-called "skolar,''of chlorite-alate, trap, or granit«. 
AIho, the thickness of the bed is very irref^iilnr, varying from an incon- 
sidemlflc thickness to 30 or 40 meters. It is also very common to fiiul 
ihp lte<I accompanied by several parallel strata of ore, which are sepa- 
mted by more or less barren rock. 

The miiin mass of the solid rock of Sweden consists of granite ami 
gneiss; considerable iiuantities of micft-slate are met with, and, in addi- 
tion, hornblendfc-8late,"Ae/Jf/?in(a,''dioritc, and granular limestone very 
often occur. 

Tbe iron-ores lie sometimes immediately in gneiss, as at Grlingesberg, 
fai tbe province of Kopparberg, and Norberg. in Weatmanlaud; the 
gneiss itself is so poor in feldspar that it baa been taken by some for mica- 
alate. When the ore lies in gneiss, the transition fVom barren rock to that 
containingore is often very indistinct, and theore then consists of a gneiss 
whose other constituents besides qnartz are made up more or less of 
iron-ore. This is often the case witb blood-stone, which consists nsually 
ofaltcrnHte layers of tolerably pure hematite and gneiss rich in quartz, 
and having iron-ore intersi>rinkled in it. These occur alternately, and 
tbe whole then consists of often many hundred parallel streaks of ore/ 
between which stripes of quarts or gneiss lie. The smaller the latter 
are in proportion to the former, the richer tbe ore is. 

Often these ore-deposits do not lie immediately in gneiss, but are sur- 
rounded by other rocks which themselves lie in gneiss. The envelope 
of the most considerable ore-beds consists of ketlefttnta, as at Danne- 
mom, in the province of Upsala, or of a M/cflin(a-like gneiss, "eurite," 
as at I'ersberg, in Wermland. The ores are sometimes surronnded by 
toicA-Ktate, a.f at Dalkarlsberg, in Orebro, and finally they are occasion- 
ally imbedded in granular limestone, aa at Klackberge in Sorbergs, iu 
Westnianland, and at LAngvik, in the province of Kopparborg. For 
the rest, the occurrence of lime in the ore-beds is very irregular. Finally, 
it is to 1)0 remarked that the ore-beda are often limited by peculiar min- 
eral masses, HocRtlcd "skular,"in the hanging wall and in the foct- 
w»II, which consist usually of chlorite and talc. 

The dip of the Swedish ore-beds, like that of the snrrounding rock, is, 
in consequence of the many flexures of the stratn, very various; usu- 
ally, however, it approaches more nearly the vertical than the horizontal 
ptaoe. In addition to this side-dip, the ore-beds have very often a dip 
in tlie direction of the strike. As in the direction of the strike, so also 
VMuetimeH downwanl, the bods thin nnt, but if tbe dip is followed down, 
Httew oiiua of ore in usually mot with sooner or later. 
^^^B blood-Ktone somotimoa contains almoat no other strata than 
^^^K Commonly, however, il is more or less mixed with other min- 
^^^■KBynxeue, hornblende, chlorite, epidote, garnet, and calxspar. 
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This is still more tlie case witli the luDgnelic ore:), wbicU arv osaa&s 
loss acid, "dry," or rich to siliua than hematite. Ainoug the lost iijidi«i1 
there are inanj" which.ioust be mixed with 30 per ceut. or more of lime' 
stone in order to produce a bisilicate slag in the hlast-furuace, to aucuui- 
{tUah which, the magnetic ores seldom require more thaa 10 to20pu 
cent. Often thej need only a very small addition of limestone; and 
there are many ores vrhicli are selt'-fluxiug, that is, they are associated vi^ 
the above-uamL'd and othtr minerals in snch ptoportiotia that they oeeil 
no mixing with other ore, or with flns, for the blast- furnace. To theee, 
among: others, belong the Danuemora ore. Some ores are, Anally, nek 
in lime, and are therefore mixed with the quartz-bearing "dry^otea; 
on account of which they are called "Gattirungasteine." These linw- 
bearing ores are, with few exceptions, magnetic, and often very mangt- 
■ niferous, like the ore from Laugvik, which contains about 8 per oeol- 
protoxide of manganese, and the magnetite from Klackbeige, in Kot- 
berg, of wUich the Graurot ore contains " to 10 per cent. Mii O. - 

The iron richest in manganese, among those hitherto worked ui 
Sweden, is the magnetic ore of the neighboring Svartberg, used at 
Schisshyttan, in the province of Kopparberg, for the production of Spie- 
gel iron. This ore contains 13 to 20 per cent, of protoxide of niangaoae, 
which is caused by the bed consisting for the most part of knehQlitc.* 
Among the very mangaulferoua iron-ores belongs the magnetite of tlw 
Peauing-Grubo, in the province of Gefleborg, containing 12 to lA p« 
cent. JIu O, and, likesvise, an ore lately discovered in the Southern Hag. 
Grube, in Norberg, with over 30 per ceut. Mn O. 

The amount of iron in the Swedish ores varies between 30 and iOp«r 
cent. ; it is, however, usually about 45 oi 50 per cent. Since time-beariii| 
ores are rarer than those with quartz, sometimes ores oi'cnrriDg in limfr 
stone, and having only 20 per cent, or less of iron, are worked ; they are, 
however, always raised with richer ores containing quartz before emelE- 
ing. 

Occitsionally the ores are so rich in talc that not ouly limestone most 
be added before smelting, but also silica. Quartz alone is seldom used 
for this purpose, but ores containing quartz are added, of which then 
is seldom any lack. 

The " mine-ores" contain usually very little phosphorus, and amoDK 
those most free from phosphorus are the ores from IJannemora, iuUpMli- 
with 0.OO3 per cent, of phosphorus, and from Persberg, in AVetmlaadi 
with U.004 to 0.005 per ceut. phosphorus. Usually the amuuul of pbM- 
pbonis varies between 0.005 andU.OA percent.; although there are 
with a tenth of 1 iier cent., as is the case with some of the richcM iioD 
ores in the parish of Grangiinles and the neighborhood, anil also will 
some of the peculiarly rich Iron-ores high up in Norrbott«u, as 
Keninawara and Gelliwara ores. In some of these ores as mucU w 1- 

* Kaeltelitt?, a nilicAte of 
af mapgnnese. — W. P. B. 
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pereeat. of |)1itn[>boriis 18 funntl. Ores wliicli contain more Ibau 0.15 
per cent, of pbosi>1)orus bave been Leretofore only occasionally worked, 
and tlieii only when mixeil witli tboso free from iihospborii.<(. In most 
e&ses tile pliospbonis seems to come from iuteimixetl apatite, and with 
refisrence to some of the-Griingesberg ores, ricb in this mineral, it bas I 
been proposed to treat tbem iu tbe wet way, in order to ebauge tho I 
apatite into siiperpbospbato. 

Tbe ores most free from pbospboriis are usually employed for tbe pror 1 
Anctlon of iron for steei'mumifactiire, and, since tbe most of tbe Swed' J 
fri) iron used in Btigland is destined to serve as material for steel-n 
nSactare, its value has bitberto depended mainly on tbe absence of pboa- 
pboras. As tbe Swedish iron bas become more uniform and dense since 
tbe Introductiuii of tbe Lancnsbire metbod, it has obtained a more ex- 
tCDded n-io for the finer kimU of manufiicture, and the iron produced < 
with the greatest carefulness has latterly brought almost aa high a price j 
as thp better kinds of oemeut-iron. The value of the iron intended for 
manufacturing purposes is not nearly so depeudeut on the absence of 
pbosphorns as is the case with cement iron, but if there is only a few 
bnndredtUs, or, at most, only 0.10 per cent, of pbospborus, tben only 
tb6 compactness and nniformity of tbe iron are considered, which prop- 
erties arf of most value for manufacturing purposes, and for tbis reason 
ores which contain only a few bnndrciitbs of a per cenL of pbospborus 
are innsr advantageously used for tbe production of tbis kind of iron. 

Besidi-s tbe ores most free from pbospborus, tbe manganiferous ores 
are advaotageonfily employed for tbe production of cement-iron, and it 
M tbe main point to choose tbe most suitable ores for steel production, 
vhile less care can be nsed in the refining process since compactness 
and Duiformity are less necessary properties of the cement-iron. Tbe 
eontrarr is tbe case iu tbe production of maaufacturing iron, since bere 
tbOdC properties play tbe most important part, and tbe perfection of tbe 
eame is depcudent on tbe care wbich is employed in tbe refining: still 
it can by no means be said that an ore having still less pbospborus 
would not be of value for certain manufacturing purposes, and, in fdct, 
weB muirh more nearly free from pbospborus are used in Sweden for the 
produoliou of merchant-iron. 

Tlie mine-ores ore almost aln-ays intermixed with more or less pjrite, 
and Hunii-tlmcs witb other metallic sulphides, yet iu most cases any con- 
aidrriitile nmoiint of sulpbnr in the ore can be removed by careful 
roasting. For this purpose sbnft- furnaces, heated by tbe gas from the 
htaat-fnmace, are almost csclusively employed, and among tbe best of 
tbf-ne are those constructed by E, Westman, in which so bigb a tempera- 
tare may be obtained tbat tbe most diflicnitly fusible ores sinter to- 
sether. These roasting- furnaces, which are shown in drawings and 
rl.-wniw.l ill " A ttJtf ilhrliches Jlnnilhuch tier Einenhiitteiikunde roiij, I'ercy, 

■m H. We*lding, U Abtheihmg, p. 485," bave, on account of-J 
i( 8Uperiority, supplanted tbe old gas-roasting furnaces, and J 
^^ ores wbiob were before wholly useless can be employed. 
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Some irou-orea contaiu iiiuub tkanium; yet the titanium m ti.f9l1l|r 
cousidered an uniFelcome coustitueiit of tbe ore, siace it inakps It h> 
difficult of reduction, and the consumption of fnel tu smuttiDg tiUn- 
ifei'ons ores is so great. Amonj; these ores the maguetiCe from Tnbefg, 
!a the province Jouhiipiug, deserves special mention, since it is different 
fVoin the other Swedish ores in many respects. It is not. like moat 
other iron-ores, collected together by itself, but the grains of ore oooat 
so finely interspriiikled in a dark serpentine that it is impossible tti fXjf- 
arate them from it. This ore forms a whole mountain of 120 nivten 
height and about 2,C0O meters length, yet the amount of iron is not 
greater than about 30 per cent. Besides, this ore contains fully G mr 
cent, of titanic acid and some vanadium, which was tirst discovered u; 
Sef&triim in iron which was made directly from this ore. 

Alore acciu-ate information in regard to the compositiou of many 
Swedish iron-ores may be obtained from the tables of analyses: 

135. Protiuction of iron-ore, — In the year 1871 the yield of mtDe-MM 
was 647,119,000,kilograms, as follows: 

In the province of Norrbotten, (Gelliwara,) 2t,2(>5 kilogntias. 
In the province of Weater-Norrland, (Ulfo,) 0:J8,S55 kilograms. 
In the province of Jemtland, 15,736 kilograms. 
In the province of Gefleborg, 22,444,697 kilograms, 

viz, 13,23.'>,200 kilograms from Nyang, in the parish Thorsiiki 

980,000 kilograms from tbe Erik-Krs-Grube, in the pat 
Thorsaker. 
1,980,700 kilograms from Penuiug Qrube, in the parish Tbor- 

eiiker. 
1,177,700 kilogr.ams from the SJ fi hag- Q rube, in the juiridi 

Arsnnda. 
1,745,400 kilograms from the Rudiiug Gnibe, in the pariA 
Ostra Feruebo, 
In the province of Upsala, 33,132,273 kilojn'ams, 

viz, 21,405,500 kilograms from D.Lniieinoni, in the parishes FilDU 
and Dannemora. 
1,003,700 kilogrHins from Ragnhild, in the parishes Filin:f ao*! 

Dannemora. 

1,173,300 kilograms from Steni-ing, in the parish Morkarlft. 

3,991,'2U0 kilograms from Kamhiill, (Uammarin,) ia thudfl 

Alunda. ^^^H 

3,143,800 kilograms from Sablsta, in the parish Loon.^^^| 

1,708,000 kilograms from Bruiiua, in the jiurisb LtMUk^^^| 

In the province of Stockholm, 211,307,088 kllognims, ^^^| 

viz, 3,474,700 kilograms from Vigolsbo, in the pariah Vabl^^^H 

2,0.34,600 kilograms from the Saudgrulie, in the parisb^^^l 

5,146,100 kilograms from Skedika and Grind, in Uie i>ft^^^| 

1,385,600 kilograms from Bjiir^ta, in lh<' jiarish &an|^^^| 
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2^7,000 kilograms from the SlottsKrube, iu tlie parisU Siiilerliy. 
Call. 
4,91)5,701) kilogiftins from Herriiiig, in tln> pjitisli HjiFrero. 
7fSi2^W kilograiii» from Utu, m die parisli 0«tei'liiitiiiiiig<.>. 
be province Kopparberg, 178,0iG,B5G kilograms. 
Tigs 1,020,2(X) kilograms from the IJvarnbacka-Gruben, iu the parish 
HL Leksaml. 

^Kl,142,200 kilograms from Vinkiini, in the parish Sviirtlsjo. 
^H 1,053,400 kilograms from the Sjii-Grube, in the parish Sviirtlsjii, 
^M 1,839,700 kilograms from SkianariiDg, iit the parish Yika. 
^B 859,I(K) kilograms from llarmsat-f, ia the pariah Ifloppiirberg 
^B 3,100,400 kilograms from Illl^lberg, in the parish Stura Tiiua. 
^M 9,035,200 kilograms from Komme, in the parish Stora Tima. 
^H 2,674,400 kilograms from Briifall, iu the parish Stora Tuua. 
^^a2,H70,S00 kilograms from Stora-BiHpberg, iu the parish Siiter. 
^1 1,080,400 kilograms from Testra-Bispberg, in the parish Sitter. 
■ 1,531,600 kilograms from the Titgt-Grube, jn the parish Siiter. 
H 3,469,400 kilograms from Kunppkiiru, in the parish Hedemora. 
H^ 1,359,900 kilograms from the Oster-Grube, in the parish Gustaf. 
^E 12,554,500 kilograms from Relliugsberg, iu the parish Rushy. 
^B U,G05,900 kilograms from RulUhjttau, iu the parish Garpenberg- 
^K 1,324,400 kilograms from Liingvik, in the parish Garpenberg. 
^H 2,633,000 kilograms from Svartfjiill, in the parish Gari)enberg. 
^■24,859,200 kilogi-ams fi'om Ormberg, ia the parish Orangitrde. 
^H 5,086,600 kilograms from Griingcsberg.iutheparishGrangarde. 
^H 4,029,000 kilograms from Risberg, iu the parish Grangarde. 
^H 1,605,100 kilograms from Fiilxtbacken, iu the parish Graugurde. 
^V 7,820,000 kilograms from Finnlis, iu the parish Ludvika. 
^H 2,129,200 kilograms from Frodmuodberg, in the parish Ltidvika. 
^ft 7,598,000 kilograms from Grasbcrg, iu the parish Ludviku. 
^K 9,318,500 kilograms from jEIakisberg, iu the parish Ludvika. 
^H 4,338,100 kilograms from Ostanberg, iu the parish Xorrbtirke. 
^H 7,360,400 kilograms from Xybcrg, iu the parish Norrbiirke. 
^H. 3,282,300 kilograms from Gesberg, iu the parish Norrbiirke. 
^B 4,099,600 kilograms from Svartberg,Miirmi3,iu tho parishXorr- 
^B bitrke. 

^^ 7,481,900 kilograms from the Svartborg, Svart-Gnibe, iu the 
^H parish 2iorrbiirke. 

^H 884,800 kilograms from Sik.'-jiibcrg, iu the parish Norrbiirke. 
^H 1,275,000 kilograms from the Sliit-Urnbe, iu the parish Norr- 
^H bitrke. 

^B 3^11,500 kilograms from HUliiug, iu the parish Xorrburke. 
^Hroviooe of Westmauiand, 92,225,607 kilograms, 
^^B7,716,OUO kilograms from Kisberg, in the parish Xorberg. 
^^B0,112,5OO kilograimt Trom Morberg, iu the parish Xorberg. 
^^■0,138,500 kilograms from Klackberg, iu the parish Xorberg. 
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I C,0i4,0fl0 kilograms from Uddevallii, in the pariuli Norberg. 

1,157,80(1 kilograms from tlio Biidstnga-Grabe, in ibe [ahsb 
I Norberg. 

I 948,400 liilogrntus from tbe Sorr-Grubo, in tbe iiariRli Nor- 

berg. 
I 4,101,300 kilogrniDS from tbo tij-Orube, in llie parUli Korlterf:. 

I 2,750,800 kilograms from the FtimOrabe, iii the parish Sbian- 

I shatteberg. 

3,585,300 kilogramB from BastnUs, in tbo pnrJEth SIciiinskatI«- 

berg. 
1,003,500 kiln^ams from the Knlle-GrDbe, in the psrinh S^ion' 
[ ekatteberg. 

I 2,216,700 kilograms from tbe Backc-Giube, in the jiarish Skiiin- 

skattebcrg. 
I 3,431,500 kilngrams from Lu^ntlal ami Springstn, io the i)!itis!i 

Sala. 
1,264,400 kilograms from Aby, in Ibe pariah Sala. 
Id tbe province of Oabro, 135,090,051 kilograms, 

viz, 4,014,000 kilograms trom Jjomberg, in tbo parisb Xya Kopjiar- 
berg. 
7,431,900 kilograms from Srartvik, in the pariah Nya KopiW' 
I berg. 

905,200 kilograms from ibe Limborgs, Moss Grub?, iu the 
I parisb Xja Kopparberg. 

I 7,065,900 kilograms from Strossa, ia the parish Uamsberg. 

2,479,700 kilograms from Blanka and the Kiirr-Gube, ia tlie 

parisb Eauisberg. ! 

14,290,100 kilograms from Stripa, in the parisb Linde. ^^^| 

, 2,505,400 kilograms from Grouvolil, in tbe parish Liud6.^^H 

2,598,400 kilograms from Bredsjo, in the parish I^nl^o. ^^^| 

I 2,114,300 kilograms from Anneniis in the piinab iljali)j9..^^H 

1,410,500 kilograms from the Stora BJUrnhojde-Grnbe, ^^^H 

parish njulsjo. ]^^H 

3,40S,400 kilograms fram niigboru, in tbe pitrish Grytby^^^H 

14,057,400 kilograms from l>alkarlsberg, in the parish yoll^^H 

3,522,300 kilograms from Yikers, in tbe parish Xora. ^^H 

8,467,700 kilograms from Pcrshyttan, ia the pariah Noin^^^l 

27,GT6,<H>0 kilograms from Striberg, in the parish Nora. ^^^| 

6,592,100 kilograms from R.yiigsbyttan, in the parleli ^Q^^^H 

8,141,100 kilograms from Klackii, in thu parish K^ora. ^^^H 

2,702,500 kilograms from Fogdeh.vttan, in the pariah Nn^^^H 

[ :J, 570, 900 kilograms from Hvilarc, in tbe parixli Xura. ^^^H 

2,026,100 kilograms from Blottorberg, in tbe jmvi»]i •Teiw^^l 

3,423,700 kilograms from Finusbyttau, in the puriitti JerobOiU. 

lu tbe prorinco WurmUud, 12I,252,.3!)2 kilograms, 

viz, 13,487,100 kilograms from Xordmark, iu the parish Notdiiiii||Afl 
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11^00,100 kilograms tVoni Taberg, in the partsU ^ordiuarl:. 

5,3S2,200 kilogi-ains from Finninossivii, in the pnrisb Xordmiirk. I 

8,327,800 kilngrams from the Eug-Grube, iu tbe parish Fermbo. J 

ii2,y72,0O0 kilograms from Pcrsberg and Tugaliyttan, in the] 

parisU Fermbo. 

5,88(t,200 kilograms from LAugban, iu tlie parish Fermbo. 

3,330.300 kilograms from Ivroppa, iu tlio parish Kroppa. 

B province Sodermauland, 19,231,386 kilograms, 

^K, 4,529,400 kilograms from Bog.ijo and Staf, io the parish Floda. { 

3,41i!,000 kilograms from Sofia, Wilhelmiua, aud Jlosstorp, in 

the parish Skuldioge. 
:!,5iU,700 kilograms from Kautorp, in the parish SkiildiDge. 
1,275,000 kilograms from Porth&l, in the parish Gflsinge. 
3,621,000 kilograms from Forola,ia the parish Sviirtnua. 
1,833,000 kilograms from Gilliuge, iu the parish Svartuua. | 

frfho province Oslgothland, (Natorp, iu the parish Skiillsvik,) 4,450,160 ' 
Itltograms. 
In tte province Calmar, 393,770 kilograms, 
Eo the province Jiinkopiiig, 9,910,128 kilograrae, of which 9,4.'37,300 kilo- 

gretma were from Taberg,iu the parish Mdusarp. 
to tbe province Eronsberg, 19,i!GtJ kilograms. 

In the iron-mines, there were employed in the year 1871 4,101 steady 
workmen, 436 periodical workmen, 312 women and children — ^total, 
4,039 persons. 

136. Methods and coats of mining. — The miners work by contract, 
and in a few places are paid according to the amonnt of ore obtained, 
bat asoally according to the length of drift excavated. Sometimes 
Chetie two methods are combined in such a way that the owners of the 
mine pay according to the amount of ore obtained, and the money is 
divided amoug the workmen according to the length of each drift. 
Usually the miners earn from 2 to 4 Cranes a day; sometimes, under 
favorable circumstances, still more. Usually it is very difficult to fix 
ttie iuomie of the miners accurately, for most of them enjoy certain 
advantagOK iu addition to their meroWages, like free lodgings and flriug, 
land for iK>tatoeH, fodder for a cow', &c.; only the workmen which at 
pre«eDt have about 4 francs are without these advantages. 

Usually the same workman manages the drill as well as the hammer, 
only (it a few placeit does he make use of a speciid striker. The drifts 
U« naiially only 24 millimeters wide, and cost for drilling downward 1 
to SJi fnitiea per meter, according as the workman, in addition t^) his 
metawsgBS,enjuys other atlviintages or uot; for drilling upward — "dry- 
bottDg" — it costs twice as much. Drill and hummeraro now a! ways steel. 
P.ir lil''-'iFLMtr, either gunpowder, dyuamlle, or "ammonia-giinpowdor," 
loosiBta of a mixture of about 20 percent, nitro-glyoerine 
iir picrate of ammonia and chRrcual-pondcr, is Uf>ed. Pur- 
h">i ' ti iisi.ll, iinil lit wmc mines is coaudered t 
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blasting ngcut; lUe many aeciileiits, bowever, which tlie iMlw lias 
occnsioiicd liavo LaO sticli nu influence on its use timt it ia nluiostpm- 
bibit^. 

The flDiount of work done by each miner is naturally very variotu, 
since it depouds partly ou tlie degree of liardnesii of tbe nrc, ormoie 
properly tbo bed, partly on tbe kind of work and wages, and, fiuaIl,?,OB 
the blasting agents used, wbich must be duleruiiried by tbo e!iaract«rof 
tUe mine. The following numbers may be taken as tlie nvengv: 
Usually 1,5 to 2 meters, sometimes 3 meters, are eseavated,']>er ilay and 
man; in drilling upward, bowever, only about 1 meter, and 0.5 to 1.6 
cubic meters, or aboat 3 ,300 to 3,H00 kilograms of loose ore are nbtaioe^. 
Per kilogram of dynamite and antnionia-powder, 10 to 16 tons of loose 
ore are obtained, and per kilogram of gunpowder, 5 to 6 tons. TliDOoBt 
for tbe ore brought up and separated amounts to from y.» to IG franc* 
per ton. 

Concerning the method of mining, that of mining by lerelA is most 
couimou. A shaft is snnk ibrongh tbe loose layers of earth poSNibljr 
present, and deep enough into the ore-bed that the part of it passed 
tbrongh will form a sr.le roof, if side-galleries are to be establidcd. 
The main shaft is continued dowiiwani, if the ore is to be taken ontl? 
levels, [Strosscnbaus,) leaving, however, the necessary supports or plew 
to rctaiu the walls of the mine. 

The space excavated is usually left open and empty: but in a 1^ 
mines, whose valls cannot be beld by supports or piers, but most Iw 
strongly timbered on account of cracks and brittle places, they have 
begim to till up tbe space with dead-rock, and then take ont the ore 
from tbe top of tbe level, [Firsteabau.) 

The last-named method is uuuecessary in most of the Swedish mines 
on account of tbe solidity and strength of tbe rock, bnt it will probalily 
come into use in the future more than at present^ since many mines 
have become nnsafe through lapse of time. A circumstance that con- 
sidernlily binders tbe use of this method in Sweden Ilea in the fact that 
tbe amount of dead-rock necessary for filling up is almost never found 
in the mine, since about half of the whole mass of rock taken ont i* 
requisite. 

When tbe ore is raised from the mine vertically, either wooden buckets 
bound with iron, or those made of Bessemer steel, are employed, which 
hold O.ltio cubic meter, or about 425 kilograms, of ore, and wbich are 
provided with wire-ropes for hoisting. When the ore is brought out at 
an angle, ou the other baud, usually tramways or railways with little 
cars are used, which likewise are attached to wire-rope^. The water in 
raised by means of suction and lifting pumps, arranged under each 
other, each of wbich is nine meters long; in deeper mines, howem, 
the more suitable force-pumps are found in use, with a forcing-powBTof 
ttbont 180 meters. The greatest vertical depth of aay of tbo Simlisk 
^^on^mJDe^t prcsi'ut is 'SM nieter,H. 
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^^Be itmallei' ininos one engine sometimes raises both the ore and 
^^Bter; c»mmniily, lioivevor, different motors are used for those pur- 
HW Siuce Sweden, ais has beeti remarked, abounds in rivers, at most 
r1>h« iu(ne« water-power oceors, and in order to transmit the power 
mn the watwr-ftill to the mine, sometimes wooden shafts, sometimes 
apes, ut» iiaed. Such shafts, which sometimes have a length of nearly 
JOOO meters, are very common for the transmission of power t« tlje 
intnps, bat are seldom nsed lor raising the ore ; when the distance to 
be nearest water-fall is too groat for the employment of ropes, for the 
Mter purpose steam-power is used. Also for pumping water the latter 
low^r must sometimes be employed, and there were in the year ISTI , 
imoDg ail the niines of Sweden, fifty'Six: steam-engines in use, most of 
rhinh, however, had only ten to sixteen horse power. 

That both the number and the power of the engines must be in- 
irensed is a natural consequence of the increasing depth of the mines, 
md al80 of the increasing demand for ore ; for a water-power which is 
efficient to raise ore &om an inconsiderable depth will be inadequate 
Tor greater ijuautities of ore and greater depths. 

Owing to the above-mentioned causes, the annual consumption of 
ae hao been so small in proportion to the richness of Sweden in ore, 
h»l enough could be obtained without difficultj', usually, and the price 
if ore at most of the mines has been so small {B.50 to 9.80 francs per 
ad) that, with few exceptions, the aim of the proprietors of the mines 
IM been to supply the small amonnt annually required with the least 
Kwaible expense. Such a method of procedure is in most cases irrecon- 
alable with a rational system of mining, and it is doubtful if such a 
ifstem can ever be possible so long as the same ore-bed, standing nearly 
cortical, is not worked by one single company, but belongs to several 
lifleivut owners, each of whom works his own shaft, and who may easily 
lome into collision with each other down below the surface. Besides, 
,be available wat^r-power in many great mining-districts is not suffl- 
rbnt Tor raising immense ijuantities of ore ; it stands to reason, ho w> 
mr, OiaC a much greater effect could bo produced with it if the mines 
itooil in connection with each other, so that the raising of the ore and 
lie wat«r could be concentrated in a few single shafts, instead of every 
leporato shaft having its own hoisting and pumping apparatus, as is 
low ol'Ceii the cjise. 

It is not strange, therefore, that the prospects of a better future for 
.he iroo-iudnstry, opened by the high price of iron at present, and stilt 
IWK by the railroads in process of construction, have caused a consid- 
ttablo rixe in the price of iron-ores, which are now sold for 21 to 30 
naes aoil more per ton ; in aildition to this, it is to be hoped that in- 
'i-iKuu.ii \-iina of liio mines will lead to a more rational mining-system 
■, nnd many signs indicate that this hope will 
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hydrated sesquioxide, are t'onuations u!' lUe latest time, and ure vaa- 
tluuallyformtngiiovr. They occur tti miioy provinces, and furmeily wen 
naed for the direct prodiiutioa of wrought iron. They oocor iti tha 
greatest qaantity in llie province of Suialuud, uud aiii work«d alouM 
alone in this province; since tbey usually contain several tenths of > 
per ceut. of phosphorus, ea»t iron only is niiide from thum. 

The bog-ores, which, according to their appearance, arc ciilicd ''Put- 
Ter-,'"'Perlen-,'"'Pfenuing-,"or*'lvucheu-ori',"forinl>od8U.7jineteriliict, 
and occur asually in marshy places a short distance from the shores of U» 
lakes. After the lakes are covered with ice they are taken unlaid 
loug-handlud sho\'els and steel sievus. The deposit gmilaally rorm* 
again, so that in about twenty years a new ImmI has formed in tbi> taat 
place. Owing to the necessity of obtaining the ore in the wiat*3f,tlltl 
can never be of very great importance. 

Id the year ISTL 15,76!),'m kilograms of bog-ores were obtaiual,H 
follows: 127,I>1>0 kilograms in the province of Skaraborg; 553,i>Jifaib- 
grams in the province of Calinar; 8,dll,8(>4 kilograms in the provinn 
of Joukoping; and 0,174,463 in the province of Krouoberg. 

133. Pboduction OFPiG-iitoN. — As early as 1830there wasa-'Btilot- 
ofen" or high bloouiary furnace in operation in the proviu(;e of Jemthudf 
but since this time, a few ex[)eriiueuts excepted, wrought iron hai UOC 
been produced directly from the ore ; but the ifon-ores aro ttrsc redoMd 
to pig-iroQ in a cupola- furnace. 

Formerly the cnpola-furnacesUitd but 1 tnyeruaiiil wore!) nieturaht^; 
latterly, most of theui are increased in height, and are provided with 2 
to 4 tuyeres, and the newly-built furnaces have a height of from 13 to U 
meters. The height of the cupola -furnaces at present, therefore, varlM 
between 9 and IG meters, and their internal diameter betwoeit L3 awl 
1.0 meters at the top ; 2 and 2.0 meters at the belly ; 0.8 and I.-l hetweut 
the tuyeres. The internal capacity of the furnace-shafts varie.'t betWMO 
23 and 90 cubic meters. Usually two, somntimos three or four, tuy«lM 
are used ; in a few furnaces there is still only one tuyere. Thv diamotu 
of the tuyeres is usually, in two-tuyere furnaces, between 47 and 60 nit 
limeters. The pressure of the blast varies between 24 and DO millime- 
ters of moi'cnry ; it is generally 30 to 60 nnllimeters. Blasts ranging 
from cold air up to air at 400*^ 0. are used ; in general, however, It tt 
scarcely 200^ C. 

Charcoal is osed almost exclusively as fuel in the cupola-furuacea. It 
is mixed with wood in a few furnaces, espcLrially iu SmiUaud, U.21 cnbio 
meter of oak wood corresponding to about 1 Swedish ton, or 0.1(k[ oabia 
meter of pine charcoal : at most, every third ton of coal is rt;placed bf 
wood in this way. At Schisshyttan, where speigel iron is prudaceili 
Mr. Keiller has lately begun to employ ivood in greater quantities, ud 
the fnrnace has been built up to ](.tj meters for the purpose, the nppsr 
3.5 meters of which form an apparatus for converting wood iota ehu- 
coal, wbicti is heated by a part of the gases, irhich are very ric^Jj^H 
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Diiioiifl. ilesiiles wood, coke aud some charcoal are uueO, aud 
B iateoded to have -a prossiire of lis niilliiuetcrd of mercury, 
perature of about 5011^ C. In a few spiegel-irou furiinoflm obar- 
i with English ooke is used, without tho adilitiuu of wood, 
il 18 Diodu iiliiiost eutirely fi-om piDO nmt fir, aud every ton 
pic meCorl coutains about 21.3 kilograms of actual carbou, 
liuptiou of coal varies between 5 aud S cubic inoters per tou 
In the furnaces, however, which work the very poor and 
ore from Taberg iu SmMand, it rises to 15.5 cubic meters, 
try cousumptiou of coal ia 5.S to C.Q cubic meters pec tou of 
r, wheu reckoued by weight, To to 85 kilograms clear carboii 
pgrams pig-iron, 

is roasted in pieces the sise of oue'a fist, or twice an large, 
Crnnhed between rollers or iu a Blake stonc-crnslier to thd 
ratnut. The charges of ore are made, aocordiug to the size of 
le, of 6 to 10 tons, or 0.99 to 1.63 cubic meters coal, and great 
1 in -charging, .so that most of the ore lies where tho most gaa 
which is nsually along the walls. In proportion to a cubic 
Doal, more of a poor ore can be charged than of a similar but 
; yet not enough of the poor ore can be added so that the 
ion of fuel per kilogram of pig-irou produced will not be 
ifin for tho richiore. If the unusual proi>ortions which the 
Jaberg re<inirt'a are esceptod, the charges give commonly 40 
sent, of pigiron, and per cubic meter of coal 260 to liO kilo- 
\re and limestone are charged. These differences are by no 
Lsioned by the amount of iron in the charge, but also by the 
Ucully of rednciog the ore, so that usually considerably more 
latite (blood-stone) can be charged than of the magnetite, which 
easily reduced. In addition to this, tho charge of ore per 
r of coal can be greater, and therefore the cousumptiou of 
a of iron less, in the larger furnaces than in the small ones; 
ally in a furnace in which a higher temperature of blast is 
tnoro ore can be added. Finally, it is to be noticed that the 
kion In diH'erent places is conducted with very dill'ereut curu- 
Bd good coal can naturally bear more oi-e than loose and 
L 

ig to the oaptwity of the furnace, the descent of the charge is 
in the smaller furnaces than iu the more capacious ones. In 
Atriiac«B, only a small cbnnge in the state of the contents of 
ikeB place in twenty-four hours, while in the smaller ones they 
d from two to two and a half times. The absolute change of 
, or the unmber of cubic meters of coal consumed iu I be unit 
iJa oadi case greater in the more apacioua than in tho smaller 
la the smallest furnaces, weekly, 30 to 01 tons, in themedium- 
80, and in the largest, 85 to 130 English tons of pigiron are 
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The fiiruaoe-g»8 is generally employi'd for roaating the ore and IimV-' 
mg the blast, and in Biicb iron-works as have » I»ck of watvr-[>ovnr, it 
serves also for beating the steam-boiler. If a Westinari roasting-far 
uace la used, aiid a moderatelj' high temperatnre of blast it niquiiwl, 
then the gaa is only sufBcient for the two tlrst-iuetitioued purposes. 
The whole of the gaa is not available, but a part escapes tbroagb tlie 
top of the fiiraace, which is nsually open. The cas which is nsedia 
tAken out either by cylinders reaching 2,3 to 3 meters below tbe 
top, or through three or four gaa-coiiductors, opening abost a tbird 
of the height of the furnace, or 3.5 to o meters below the top. A hw 
furnaces are provided with covers, but froui the way in which the charg- 
ing is managed, they remain open a third of the time. Only at SoklW- 
byttan is a month closed accordiug to the bell-and hopper principle 
employed. 

Most of the pi^ is destined for the " hearth-flnery " according to tbfl 
BO-calleil Lancashire method, and for this purpose an iron, poor to 
silicon and without adhering sand, is desired ; so (he ordinary pig-iioa 
is not cast in sand-molds, but iu forma iu which it receives the sb^ 
of broader and Hatter pigs. Such iron is usually desired mottled, ami 
for that purpose the charges are so mi-ted as to give about a binilicale 
slag. For the production of iron destined for the mauufacture of bar 
iron, more basic mixtures are desired, nud therefore greater qnaatitifs 
of limestone aud manganiferous ores are employed than in the chargiDg 
for merchant-iron, which can often be somewhat acid. 

The pig'iron destined for the Bessemer tiuing is usually blown gray, 
nevertheless, however, with more basic charges than the abovo-niM' 
tioned or Lancashire pig-iron. 

In the district of Dannemora an almost white iron, with small gitf 
spots like hail-stones, which is cast iu sand in the form of pigs of 4 to 
meters in length, is desired fortbe Wallou fiuins process. The charge* 
used in the production of this iron are the most basic of any iu Swedes, 
with the exception of those required for spieget iron. They approMh 
ainch more nearly the singulo-silicnte than the bisilicat*, but no lime, 
stone is added to them, because the Daunemora ores are ho rich In 
lime aud magnesia that it happeus that with the low teniperaturaof 
the blast employed at Dannemora, (from unwarmed to 100^ 0.,| tiM 
smelting cannot be accomplished without the addition of silica. 

Ordinary mottled Swedish pig for heartb-fiuing contains, geueraOf. 
about 4 per cent, carbon, O.I to 0.4 percent, silica, and O.OL toO.<KJ|ierceiil> 
sulphur, aud also O.OI to O.Oj per cent, sometimes even O.I.^ perccoL,* 
phosphorus. The amount of silicon in the Bessemer pig is usually 
about 1 per cent. ; in a few places, however, it is only 0.7 |wr ceuU 

At a fuw furnaces, as at Schissbyttan aud Finnsbo, inaugiiuiferDW 
Spiegel iron is produced. These two furnaces lie in the province of' 
Kopparberg, aud work the Svartbcrg ores cootaining knebelite. Tb»' 
charges are made as basic as possible, aud for the prodnctiou of a 
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^ini)>cr(iti]ro tlio clinrcoal i-s mixed with some coke. The spi^gel from 
SchistbytUtn coiiluiris occiisionHlly 17 per cent, of maiiganese. 

Pig-iroD for onliuiiry custinga is generally oiitUe from tiisilicate 
ciiargeR, but this is tint very important, for cast iron in imported from 
Eogland and Scotland, On the other hand, at a few furnaces, a cast iron 
is produced superior on account of its great hardtiGxs, aa at Finspong, 
vlien; tlie oast iron is used for cannons, projectilea, car-wtieeU, &c., and 
at Ankatsnini, where the cast irun ia used for projectilea and car-axles. 

Kiuully pig-iron is also prodnced for lusilleable castings; for example 
ftt Aktr and at Kiblafors. 

The blast-furnace slag serves quite often as a batldJng-material, for 
Tbich purpose it is cast in iron molds, and it is very common to employ 
dag-bricks for the outer wall both of tbe capola-fnrnace and tbe roast- 
ing-funiace; sometimes, indeed, tbe whole fnrnace-sbaft is built of tbis 
aaterial. 

13», MEANi) AND METHODS OP TRANSPORTATION. — In conseqnence of 
the diJliculty of bringing together to one place great quantities of char- 
ooal and ore, there bave been at one place only, namely, Finspong, two 
furaaces till within the last year; and at most of the iron-works tbe 
material has not been sufficient to maintain tbe single furnaces in uniu- 
terrnpted activity for tbe wbote year. All tbe material must be brought 
to the mHJorily of the Swedish furnaces on sleds, aud, therefore, tbe 
blowing does not begin till sleighing comes. The duration of tbe cam- 
paign depends in great roefisure npon tbe character of the winter; for 
lli« better and longer the sleigbing is, tbe more material can be brongbt. 
However, It has been possible at only a few pla^ies to obtain during tbe 
vinbtr enongb coal and ore to continue tbe campaign till sleighing 
begins again tbe next year, but it ceases usually about the beginuing 
m middle of the following snmmer, and then tbe furnace-hands are 
employed about the harvest, &c. There are exampleB, however, of tbe 
campaign continuing uniuterrupte<lly for six years, as at Borgvik, in 
Wenulanil. 

At a few of tbe old iron-works, which bave better oommunication, 
during the last year new furnaces bave been erected beside the old 
ODes, so that now not only at Finspong are there two furnaces, but also 
»t "VVestanfors, Sandviken, Ilofors, Dalkarlshyttan, aud Forsbacka. 
BeHideis iit a few otbers of tbe older works a second furnace is being 
bnill, and at some of the greater Itesscmer plants, determined npon 
dnring the Inst year, though not yet completed, it is the pbm to erect 
time or four blHst-funiaces. 

Tlirongb improved means of communication the manufacture of pig- 
iroD is continually becoming more independent of the character of the 
winter; yet good and not too short sleigbing will always be tbe chief 
reqauite for a considerable iron-production, for the charcoal -heaps in 
tjbib interior of the forest are usually attainable only when the rivers and 
^■tanre covered with ico and tbe snow has made tbe trackless wilder- 



VIENNA INTEENATIONAL EXHIBITIOX, IBTX 

BolUiig-mills an naturnlly unsuitable for siuhU iron-works, 
UowevtT, can derive advautago from them by diacnntlnuiRg Ihelr M 
lianiiuerintT'pi'oceitn, and instead, prodaciiig only blooms wliinfa cau be 

>rked by ontt rolHiig-iuill comiuoii to suveial sucU flumg-mJilg. laUiIi 
way the rolliug-mill ol' Sniidjebockeu up t« the year 1871 bail rolltii tbft 
most, bnt in that year, however, Bofors hiul the greatest {irutlacthm, 
namely, 6,128,150 kilogmms of bar and rcGiied iron. 

Besides the Laacasbira method, tbe so-called rraiitiheCiimt^^ ftnei;- 
proceas is employed, especiiilly in small iron-worka iu whodo ncighbo^ 
hood there ia no rollinginill. In the manner iu whiuU it is here on- 
ducted it ia similar to the first, only the welding of the blooms occas 
iu tbe same hearth. Iu this proucas the loss is snmewhat less th»a la 
thb Lancashire method, iu which the welding takes place in sepuntlo 
furnaces; on the other baud, the production is uac so great, being onl? 
3,S00 to 4,300 kilograms of bar-iron weekly for each hearth. The gr«t 
fault ia that the conanmptiou of coal is ao great, it beiug about U.7 culiie 
meters of charcoal per ton of bar-iron, sometimes even rising to U.6 
cubic meters or more, which will soon cause the dlscoutin nance of tkig 
method, wbeu improved commuaication siiall have increased the viilaA 
of charcoal iu the I'emote districts. 

In the Uanuemora district the old Wallou process is empluyeil, in 
which two hearths are nsualty worked together in such a way that flw 
bloom produced iu one is welded in the other, aud then dmwu under 
the hammer. The two hearths afiord 8,50p to lO.TIMi, sometimes e»«i 
12,700, kilograms of bar-iron weekly, with a consumption of charcoal of 
from 19 to 23, sometimes, however, only 15, cubic meters per ton. 

In a few places, finally, other lining methods are employed, but tlioH 
named are tbe only ones which now have any importance for Sweden. 
Among them «U, the Lani'nsbire method affords the most nniforufutA 
densest iron, which again depends upon the control which a well>regl- 
latcd furnace has over the bauds. If the welding is done iu a heattb- 
furnace, it ia much easier for the smith to draw a bar free from tlaw 
on tbe outside from a bloom which is not uniform, thau when tbe weld- 
iug-furuace is used, for there the different parts of the bloom are U- 
posed to a more uniform heating. Since uniformity and compactueM 
are chief requisites of a good merchaut-iron, naturally the Ijivrieasbin 
method is the most suitable tiuing-proccss for the production of siuit 
iron. 

Of the Wallou iron it may be said that it is cbarocicrized by it»ii4t 
being uniform, or by a mixture of weak and hanl, almost atecMikty 
iron. It is useil exclusively for steel-production, and then the Dan- 
uniformity is not very injurious, while the value is roally delerminH by 
the " body " caused by the properties of the ore used for the prudactton 
of the iron. Indeed, it appears :is if the non-nniformity of 
iron was a good properly iu the eyes of the English steel-mauul 
Bioce they are opiwsed to changing this mcthwl. If 
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pH anuglit for, it must be fouml in the fact tUat ttio littrd, steely 
U »Itorteii somewhat the time required to burn tbia iron to steel. 
!lie more wages of the forgers are jfovenieJ by the amount produced, 
I tint euutrnct is so drnwu up that only oae, (the master,) or more 
m two, (UiB master and bis bel|>er,eHcb of whom overseeH liia work,) 

respuaxiblo for tiie a-sult, aud mnat pay fines when the loss of iron 
;on&umptian of eoa) exceeds certain limits; on the other hand, how- 
r, they obtain special pay for coal sared and higher wages I'or the so- 
eil " overiron " than for the iron which they mnst prodnuc from a 
taiu amount of pig-iron, according to contract. In addition to vari- 

advantages, the master and his helper have usually 2,I<)0 fraue» 
luatly, but they must pay their own lielp. 

u tlj« Larischire method, the cost of working amounts to 10 to 13 
tat per toi^of bloom-iron, and for tlie welding and drawing, to about 
to 16 franca per ton of bar-iron, less for rolling, and more for hammer* 

>ariDg ttie year 1871, in the whole country, with 827 active hearths, 
,T9l,&12 kilograms of bar ami refined iron were produced, and 
73 workmen were employed. 

U. 2'hc pwiding-prooesa IB emitloyeii at only a few iron-works which 
[iu£aeture their own iron, namely: At Motala, Surabammar, Xyby, 
nnebo, and ICallinge. The fuel used in the pndding-furnaue is 
Ally Knglish mineral coal, only at Scirahammar and Kybywood is 
ployed. 

It Mx>tala, in a few puddTing- furnaces a weak blast is used ander the 
te, and before it is brought into the ash-pit its temperature is raised 
being conduct«d around the furnace-walls and under the bottom, 
measure the fnruaces nse about O.H.'S cubic meters, or 730 kilo- 
.IDB, of mineral coal per ton of pnddled-irou ; on the average, the con- 
aptiou of coal, after receiving into the coal shed, is fully 1.2 cubic 
toTB, or iMJO kilograms, per too of bloom-iron, about 17 tons of 
i£b are produced weekly from each furnace. Snraba'umar uses about 
[ibio meters of air-dried pine wood per ton of puddled iron. 
\.t Motala experiments are being tried with Dank's self-acting pud- 
ig-fornace. As the puddling has hitherto been conducted, the cost 
working has been about It francs per ton of bloom-iron. 
%e welding- furnaces at Motala are exclusively heated with mineral 
J, nad mo«t of them are provided with blast according to Whitten- 
ifm's construction. The \Vitt«nstrom weld iug- furnace, which is used 
twhere in some other irou-works, is in fact only a intnlilicatiou of Che 
maa furnace, but not the above mentioned with the so-catlcd " coal- 
fW," bnt that for wood. The main difl'orence is that the llrc-heiirth 
the Itutt-nnnted furnace hn« no grate, like the Wittenstriim, and that 
1 blast, which in the Ekmun furnace is introiluced through tlie end- 
II of the fire-heurth, in the other enters under the grate. 

', Jiatem^ process, — The Bessemer process has been used iu 
~|Rlitce its beginning, but in the year 1*71 not more than 8,038,- 
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Hoi kilograms of Bosseiner metal nrere |irm)iiced, anil, altbongli IfaiapA* 
cess seems very snitjible for Swetiea, sinw, oti tlieaneliand, mostuttlii! 
Swedisb ores are well adapted for it, and, on tbe other, the consumption 
of fuel for the metal prodnced by this process is only about balfas 
great ax for the Lancashire iron, atill tbe Bossemt^r process has Dot, 
till of late years, received a general recogaition. The maiu cause of 
this lies, doubtless, in the fact that this muthodreiitii res such costly ap- 
paratus, and on this account is not suitable for ironworks with a situU 
production ; in atlditioa, the Heasemer process is uot well adapted tot 
the production of bar-iron, bat requires the manufacturing or imprOT. 
ing of the ingots produced for ready wares. The last-named ciroum- 
stance should bo uo hiuderauce to the spread of the Betisemer procvse, 
for a. considerable increase of the Swedish iron-industry can only bo ob- 
tained by producing some other kinds of iron than bar iriyi, for the de- 
maud for this in the world's market is usually very limited. Id the last 
year Sweden has sold to foreign countries almost no other kinds of inm 
than bar-irou and refined steel, and it is therefore necessary, for the in* 
troductiou of the Bessemer process, to create a new market, wbldi 
naturally hinders the spread of this proo'ss. All the large iron-works 
completed lately, lying on the projected railways, are inteuded for the 
Bessemer manufacture, and, in addition, in the year 18T3, four Besse- 
mer works, Forsbacka, Abuckshyttan, LSngshyttan, and Iggesuod, 
have been completed, and two others, Lfingbaushyttan and Ulfsbyttan, 
nearly so, and, finally, many iron-works which have hitherto mod tho 
Lancashire method are erecting Bessemer works. 

In the year 1871 there were seven Bessemer works in operation, bat 
the production at three of them, which have small upright furuiices. WM 
very slight, from all of tUem not amounting to more than 397,710 kilo- 
grams. The rest, or 7,G10,5U kilograms, was produead at Siudviken, 
Westiinfors, Svartua;, and Biska, where the E:iglisb movable faniaces 
are used. All the Bessemer works erected during the previous yettt 
have ui3vablo furnaces, and it is very improbable that hereafter on; 
stationary Bessemer furnaces will be built. 

In all the Swctlish Bessemer works, as hitherto conducted, the pig-lroo 
is taken direully from the blast-furnace without remeltiug. lu Ibe mov*- 
ble furnaces {converters} charges of li,300 to 3,900 kilograms nre 'em- 
ployed. The converters have six to seveu brick tuyeres, each of wbicb 
has six to seven holes, with a diameter of 11 to IS miilimeters. The 
pressure of blast is usually hetweeu UOO and 900 millimeters of luercnry, 
and the whole process is finisht-d generally in 4 to 10 minutes. With 
the esceptiou of Saudvicken, where steam is partly used, all Ihu larger 
Bessemer works use water-power entirely. The hloningeiigiiies, both 
at the above-named works and those lately erected, are from 340 Oi 
over ^00 horse-power. ^^M 

At some Bessemer works 1 or 2 per cent, of s[»iegel iroo i*^^^| 
toward the close of the process ; in othrrs, however, wh^ch wq^^^H 
maijganiferoiis ores, no addition ' '< o:^siiry, sluoe asl^^H 
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irou as desired may be produced in them without dan^^er of rodshort- 
ness. 

Of the weight of pig-iron used, ^'j to 89 per cent. Bessemer ingots is 
generally obtained, and only a few per cent, of waste. 

143. Martin steel, cement-steel, drc. — Since the year LSG8, at Munk- 
fors, cast steel has been produced in a Siemens re^enerating-fur- 
naci5 with a Lundin condenser, according to the method of Martin. 
Also, at Lesjofors, such steel has begun to be produced, and experiments 
on a smaller scale have been commenced at some other works. 

The furnaces are small, holding only 800 to 1,300 kilograms. For fuel 
air-dried wood is used ; to 7.4 cubic meters per ton of melted steel or 
iron. The most noticeable fact is that in this way uniformly-sott iron 
can be produced successfully, which is rolled into nail-iron or wire. 

At Wiksuanshyttan cast steel is produced by the Uchatius method, 
from granulated pig-iron mixed with powder of rich ore and a little 
charcoal. The fusing tiikes place in graphite crucibles in ordinary 
English furnaces heated with coke. The steel produced in this way is 
suitable for such purposes as require great compactness with considera- 
ble hardness, as for dies, hammers, &c. 

Hitherto cement-steel has been pretty generally produced, which is 
drawn before it goes into the market under various names. At Sura- 
hammar and Motala puddled steel is also produced, and at Graningo 
some raw steel is made on the hearth. In addition, cast steel works 
have been erected at Osterby for melting in crucibles in a Siemens- 
Landin furnace, using wood as fuel. 

The iron and steel manufacture is not yet great enough to satisfy 
the demands of the country itself; it is hoped, however, that in a few 
years quite dififerent relations in this respect will come about, for all the 
greater Bessemer works mentioned below are intended for the manufac- 
ture of rails and other railroad material, together with sheet-iron. 

144. Rolling-mills. — The foremost of the rolling-mills, hitherto in 
oi>eration, for sheet iron is Motala, and next Surahammar and Kloster 
are the greatest, although at the last mentioned only thin plate, like 
wire-plate, &c., is made. At Surahammar puddled iron is used exclu- 
sively for the manufacture of plate: at Motala the Bessemer iron from 
this and other iron-works is used. At Kloster the Lancashire iron was 
formerly employed, but they have in view now the plan of using the 
Bessemer iron from Langshyttan, which belongs to the same company. 

Iron rails of the ordinary dimensions at present can be produced at 
only two works, namely, Motala and Smedjebacken. At the first-namoil 
works, during the year 1871 there were rolled out — 

Bessemer-steel rails 1 , 190, 200 

Paddled-iron rails 70, 400 

" Paddled-iron rails with heads of Bessemer steel 870, 000 

Tqtal L>,137,50« 
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At Smedjebackeii, in the same year, 1,083,792 kilograms of rails were 
rolled, 119,084 kilograms of wbicli were from the Bessemer steel from 
from Baeka, and the rest from Lancashire iron. 

Car-wlieels of wronght iron are mannfactnred only at Surahaminar, 
where tires of puddled steel are also made ; Sandviken is the only place, 
however, where tires have been made in large quantity, and from Besse- 
mer steel hitherto. 

At Surahammar car-axles of puddled steel are made, and at a few 
machine-shops machine-axles from iron-waste are made; but the chief 
places for the production of large axles at present are Motala, where 
they can be obtained either of Bessemer or puddled steel as desired: 
and also Fagersta and Sandviken, which make them only of Bessemer 
steel. 

Nails are manufactured at many works and in very difterent ways, 
but this manufacture is carried on to the greatest extent in the prov- 
inces of Blekitige apd Ostgothland, where they are made mostly by cat- 
ting out of plate, and next in Wermland, where they are produced 
mainly by machines from wire. Bi^sides this, many nails are manufac- 
tured by haiid. 

A part of the Bessemer metal of Westanfors is worked at Fagersta, 
which belongs to the same proprietor, to gun-barrels, saws, and springs; 
but Eskilstuna is the chief place for the manufacture of small articles 
of iron and steel, like locks, tools, knives, arms, &c. 

Wire is drawn at many works, as Kolsva, Bofors, Degerfors, Gnnnebo, 
Lesjofors, and Munkfors; but Lesjiifors is the main place for wire-draw- 
ing, and part of the wire is employed on the spot for the manufactare 
of rope and nails. 

145. Table ahomng the amount of ore obtained and the nianufactHre of pig and wrought iron, 
steel and manufactured wares, in the I/earn IrtOO, I*<65, ld70, and lrJ71, as far an it hat 
tfeen announced by the Royal Commercial College. 



' UGO. I li«5. I 1870. I IMl. 

I i 



KiloffM. Kilogi. 

MiiWMiros I 31)j. 145,(KH) i 4l»6.W4,000 

Ji.»«-oir8 , 2i.2i»,000 '^0,31-2,000 



I 

Ktlogt. i KiUhfi. 
617.037,000 i «I7, 119,000 
13,750,000 , 15,70.000 



Totiil iron-niOH , 4l7,:n3,000 j 517,136,000 



IM;: 170,912,000 221,3^9.000 

(Mst-iioit wai«>H i»iocIiir<Ml dircotly at tlH> hluHt- ;'>, i£{7,000 5, :i50. 000 

t'iiinHC'<*. 



630,793.000 ; 66^8^060 



2S>3,27»,000 «3.11?,000 
7,21^,000 ' 5.t5(»,000 



Tota I cant iron ' IK"!. 14!», 000 i 226. Ttl), 000 ' 300. 4W», 000 2W, 91^. 000 



I 

r.ir. iMU.l, nail, wire iron. Ac 1 3ti. 032. 000 148.512,000 

ll<MHciii« r metal | f 4,425,000 

000 

. « 1, ••*»■. Mxni K ,1, yew, 000 

NaiKs .^ {W?. 000 

Iiii|>l('iii«fiitH and HiindrioH j ; i 7, &52,000 



i»'ir, iiiiijii, II It II. VI II I- II Mil. cv v; ii>ii, i'Oti. \tv\/ itc. oix, ' 

I ><-MHcui«T Ujetal I f 4, 425, ' 

nlnr8teel ■ 2.!»He«. 

IMate 21.230.000 J .\ 9S6, 



I 



193,908,000 ' 1^,7M,0(« 

6,6:j7.ooo '^.twaow 

5,550,0tl0 4.013.W 

5.rJ5.000| 6.5S4.0W 

4,787,000 OSA?; 

10,304,000 U3W,0"0 



* This nuinbor «U)**m not <'orn'8iKmil with that of the (-oiunirTcinl College, for the prwluctioDnf VTw* 
t.infortt, Svartniirt. an«l Jtacha, tor HTl, is not inclmled in the latter. 
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146. Localifj/ of greatent production. — It in e^ iduat rrom tlie foiegotH^ 
table that the greatoat production of ore in in tli e proviiico of Kot>t>iir- 
berg, and tbeu follow Orebro, Wermhuid, and Wpstuiaulaod. 

The largest production of pig-iron is in Orcbro. Among tbe proviiiws 
rich in ore, VVestmanland lias tbe enialles!: production of pig-iron, not 
only absoliit«ly but relatively to ilB production of ore. This is owing to 
the fact that a considerable part of tbe ore obtained from its largest mine, 
Norberg, is taken to other ptoviijcea, as Gefleborg, Kopparberg, Oslgoth- 
land, Calmar, West -Norrl and, and Westerbotten, while the iobabitaotH 
of Westmanland use a great part of tbeir abnndiince of coal for liejuth- 
firing tbe pig-iron obtained from tbe provinces Kopparberg und Orebro. 
Also, in the provinces of Weruiland and Kopiarberg, the tnanufiic- 
tare of pig iron is small in proportion to tbe ainonnt of ore obtained, 
since, as baa been mentioned, a part of tbe ore of tbese provinces is 
tnken to tbe bla^t- furnaces in the provinces of Orebi-o and of Kop- 
parberg, and many other furnaces. Uy far the greatest part of tlie 
ore obtained in the provinces of Upaala and Stockholm is taken to otbet 
provinces, ah K^orrlaud, and to O^tgotbland and (.'almur. Tbe lust* 
namtd provinces, which are poor in ore, fetch their ore both from the 
Korberg, in the provinceof Westmanland, which has been already men- 
tioned, and also from the region of Nora, in tbe province Orebro, from 
Gningesberg, and many other places in the province of Kopparberg. 

Although tbe manafacturo of biir-iron is gre^i ttst in the province of 
Orebro, yet it docs not correspond to the proiluut ion of pig iron ; for H 
great part of tbe pig-iron is sold as sucb partly to otb er provinces, partly 
to foreign countries. The same holds good, though in a leiw degree, of 
the province of Kopparberg, whence pigiron, for the purpose of con- 
version into wrought iron, is imported iulo the provinces of OstgotU' 
land, Westmanland, WestKorrland, Calmar, &c. Tbe prodnctioa of 
bar-iron is greAtest in the provinces of Wenuland unti Orebro, and next 
following them Getteb org, Westmanland, and Kopparlwrg. 

As has been shown above, considerable inteicbange of oi« and pij- 
iron takes place between (be different provinces. Tbis is partially ac- 
ooanted for by the fact that many works, in consetiueuce of iMCk of fori 
and other circumstances, can be carried on nmreadvnntagcoiiKly inotbv 
places than in tbe neighborhomi of the mine; part ly also biH^«tise some 
mines lie so near the boundary of the pniv ince that the truosportatiaB 
of the ore from one province to another is a small matter. On tbe other 
band, the transportation would he wbolly unnecessary if many works 
had not been in tbe beginning located di»iidvantageou»ly, and, Cimfr 
fore, many alterations for the bettw may be ex|>ected wlien titi 
building, and possibly iilnu other means of couuanication, 
been completed. 

14T. CUEMICAL L'OMIHJSlXltlK OV S>V£Ulitll 0KE8. — The rollowing 

tables contain tbe results of analyses of the principal iron-onu of 
Sweden; the locality, name of the chemist, and a reference tit tlie- 
nsl publication : 
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CHAPTER VI. 



SPAIN, RUSSIA, ASD SIBERIA. 

Spanish ikox-minks; Arranokmknt of tiik objects; Extent asd condition of 
the iron-industry of the rustilan empire ix 1871; imports and exports; 

PROI>UCT OF IRON-ORES AND OF CAST IRON ; IrON AND STEEL ; LiST OF IRON- 
WORKS IN THE UUSSIAN EMPIRE; PRODUCTION OF COAL; LiST OF COLLIERIF^ ; 

Petroleum and chromic iron ; Other minerals and Mi<rrAi^ 

143. Spain. — \ number of the iron-iniiies of Spain were represented 
by samples. It is well known that a large amount of money has been 
invested in Spanish iron-mines by British capitalists. Although it has 
been provided by legislative authority that no export duty shall bo im- 
posed upon ores before the year 1881, an attempt was made to collect a 
duty of about 25 cents a ton, but this failed through the protests of the 
English, French, and German governments. A duty of about 13 cents 
is exacted by the municipality of Bilbao. The capacity of proiluction 
and of export of Spanish ores is important to the iron-industry of the 
United States, especially as a certain amount of these ores are imported 
for the manufacture of Spiegel iron. 

The number and distribution of the iron-mines of Spain, together 
with the production for the years 1860 and 1870, are shoM'n in the follow- 
ing tabular statement : 

' 18C9. I 1870. 

i ., 1 



Provinoes. 

Na of I l*ro<liir«» in ' No. <)f ; Prtxliico in 
I luiofH. 4]uiiitalH. I luiiioH. ' qiiiutaln. 



Alnieria C' 87.200, fi fCT.Cm 

IUiU)a« f) , tf^.fKM) r. ' 5y.w»o 

BiKay 7."> I.CIp.CKK)' 75 a. 50:V .'i7,'i 

Bdrsm i a' U.UIH , :i i 7,rrfK» 

C^rdobft 1 , 4.000 j 1 I 2,000 

OcniDa ' li 2.^38 tf i l.iMW 

(^uidaliijani 4 ' 4.n:.l ; 

GoiiiAMO 20, lJ^4.a70 I 3!)' I.'>!>,0(i0 

LcTB 10 iri.o.'if) 10' o.;ji!» 

Loi^rofio 5' ;«.330'| 5| lf-.«2«» 

logo ' 1 , 9.44;< 1 1 uif>o 

Mabel 7 Jo:i, rtio I h 2iki.<»70 

VdreU 14' i:i."...'ioo I H Vu.b'it* 

X»Tirre ' H 114,740 8 77.640 

Omw 1 , .'•.:Ci!» I ' 

OriHlo • fifi Xk'i. 4W ' 4'.» I «)!>I.Wi 

Rutuadcr :«; i 34.\3h7 2i* :rr2.4jn 

Bwrllle (i ! 32,077 , 3-», :ti»2 

TamgODft 3, 5»K) 1' 2o«» 

Twnrt 2 8.4«»o 2i n.(Hio 

Toledo li 14.(KHl fi 12. I'M! 



Total 3,113.405 ■ 4.:HKi.f<:it 
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149. Toe ikon-manufactuues op Russia.— The irou am! 
display from Rassia is armuged very taslpfiilly in iLk alcoves betirtwii 
tbe high cultimns of the main nave. Upon a crimson-uloth back^ronnil, 
sarmotinted by a gilOed imperial crown, the luannfactureH of tliu kni' 
perial works, coDsioting of swonl-blades and other material of war, are 
ekillfuily displayed, as if tbey were trophies. Parts of cannon, st-ec! abiil 
and shell, chain-cables, rails, and bar-iron are groaped at the base, 
together with huge luasses of the ore. The display by PoutiluO' is sim- 
ilarly arranged, but consists chiefly of steel and iron rails radially dis- 
posed above a mouumental mass of ores. In Prince DeinidQfi''a eshibi- 
tiontbe iron-ores are grouped with polished masses otiualacliite. Urokun 
steel ingots, and copper ingots, also broken to show the graiu, stand side 
by side. There is also a fine group of polished iron rods, tied iu knote, 
without sliowiug a crack or tiaw, and of rails twisted into nag\ets,to 
prove their extreme toughness and uniformity. 

The famous sheet- iron of the country is shown in sheets of all «!zesaDil 
degrees of thickness, and specimens the size of visiting-cards have been 
freely distribnted. Among the more instructive and novel parts of U» 
collections are models of iron-works showing tho roofs supported npou 
a series of semicircular iron arches springing from the level of tbe floor; 
& series of drawings of Racliette's furnaces, and maps showing the extent 
of the mineral industries of tbe empire. The iron-metallurgista of Eus- 
sin are not behind tho»e of Europe in the introftnctioo of new and 
impi-oved methods. Great advances have been made in the prodactiun 
of cast steel on a large scale, and in tbe manufacture of steel gann oF 
large caliber, several of which are exhibited from the works of Uboukolf, 
Tbe largest is a lli-inoh rifled breech-loader, weighing 8l,(HlU [iouiid». 
There are fine groups of railway tires, axles, and other rail road- materia I, 
from the same establishment, Gachette's system of furnaces in ex- 
tensively used, and is said to give remarkable results. The Ue««io« 
and Siemens-Martin processes, for the productionof steel, are snccesafnlly 
introduced. 

149. HUitlstics. — An interesting r^iumt, by the mining englueer 
Skalkovsky, of the mining-industry of Russia, with statistical tables of 
the production of iron and other metals, was distributed by tbe Kiutsiail 
commission,* and is the source of the following data and general obaer- 
rations. The irun-iuduatry was diminishing. In 1870 there were 1,2S3 
works in opemtion, and 1,174 in 1871. Of steel, 53ii,US(l pounds wen 
produced in ISTO, and 44:3,241 in 1871. The production of Ciist iron <m 
slightly greater in 1871 than in 1870, aa shown in the fullowini; tnWB|. i 
giving a general view of the extent and condition of the iron-fn4|l^^l 
of Russia in 1870 and 1871 i ^^M 

Cast iron, (poudsl) 21,y.M),326 23,00ifttB 

Wrought iron, (ponds) 15.217,008 U,'JS»^UM ' 

* Tablrame ttaHttiqtm ile I'lailuitrie dm Miirni ca Sntie m l-f7l, par ('. JJlmtto^^. 
Iwgitiiievr dti J/iniu. SL I'etunburg, 1^3. liva., |)aii)[ili1itr, p^. l<>. J^^M 

t Tli« KnMlnii [XiUil i* ngnivnlcnt In l(i.:iN()H klluKmiiis. ^^^H 
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Jteel, (ponds) 

[ron and steel works, (number) 

ligh furnaces, (number) 

Puddling furnaces, (nnmber) . . 
iefining-fumaces, (number). . . 

.^orges, (number) 

keel-furnaces, (number) 



1870. 


1871. 


530, 080 


442, 241 


2U 


214 


245 


222 


445 


431 


092 


007 


924 


818 


495 


372 



The imports and exports of iron and steel in 1872 were as follows : 



Imports, poudii. 



Europe. 



iMt iron 

Vitragbtiron. 
teel 



2.933.305 

13, »90, 817 

812, 355 



ABia. 



Exports, ponds. 

A»iA. 



Earope. 



.5 I 



4,211 



H.M7 
26-2, m 



4C. 0*^4 
4.853 



A full list is given of the iron- works of the empire, with their produc< 
ion for the year 1871. The two following tabular stiitements arc con- 
tensed from the list : 



''Me of production of iron-ore aud of cast iron in the Russian Empire in 1871, (in potuU.) 

[One Hossian pood = 16. 3808 kilograms.] 



e 



Cast iron. 



EstabliAbmenU. 



Ores fx- 
tract<r<l. 



Orf- and 

•laK 
siu<*lt<;d. 



Pigiron. y*l7» 



IS 

% 

» 
1 
8 
9 
3 
tl 
5 



Pertaining to the crown ' 4.216.533 

Cabinet (^ His Imperial Ksjestj 142.300 

PriTate worka^Ural 27.0JM,4w 

PriTate works aboat Moscow e.3f;1.93^ 

Prirate works, Caocasns 53.<r71 

Prirate works, western and soatfaerc prorinces i, 370, 512 

Prirate worka, Siberia 53^,903 

Crown works, kingdom of Poland hOS^.Ui 

PriTate worka, kingdom of Poland 5.444.3»7 

~ iland 



Private worka, FinJ 



2, 522. 751 



5, 055, &.54 

161. 720 

25, 2?<7, 043 

7.147.711 
69,802 

1.37:4,5^ 
5.>.903 
5»3,470 

5. Ml. 453 

3. (m, 44» 



2, 120, 121 

50.661 

11.1«1.017 

2, yfJ, 725 

8, I** 

3so.r.o 

»:4,5irl 

177.863 

1. 17»?. 576 

l.«30. 181 



GrandtotaU 50.623,«ie 4*r.5C7.I52 1- -54.634 



150, 370 

11.051 

1.^/7.436 

•!5.'»,238 
10. Wl 
22. 34^* 
30.8** 
*Ifi V» 

105.111 



3 14» <5 



22.004.>/» 



Tabie of prodmetiom of iron amd steel rn (Ae Hussiam E'mpirt in Ir^l, ^im pomds,) 

'One Rnsffiaa pood » 16. 3r<^ kiJ'^grams ; 



o 



EstaUisbflMmts. 



hits ir^fu, .SLiMrt-ifMBL KtML 



3 I Crown worka 

% Cabinet oT HU Imperial Ma>e«tj 



17 \*Pt 



6 
9 
I 
2 
3 
4 
6 
9 



Privnte worka. Ural 5 ^A '/» 



Prirate worka abtnt If ooucrw. 

Prirate worka. Caaea*Qs « 

Prirate work«L f«ib«na 

Worka not aad«!T f be miaiax a^xii.i»tia*.>>a 

Crown WMrka.P»la»l 

Prirate worka. Ptnaad 

Prirate work*, rzalaad 



4 



Total 



1 ^M r<M 

1 217 
Mi >1 

•^ y*4 



21 y>> ttt 2 yiPe y:5 



v» vet 


Hi <r'^ 


1 2M» 


2:^1 


2 VA IW 


70 y:s 


I'M «ll 




K m 


*:* 


tx^ 1>? 


i'-^; '-•. » 


I vw 




4* r* 




J. VIA 


u fv; 



441 24, 



14 1 
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Tbe Russinu Miuiug Juurual, 1S72, preseuts a statemeut of tb&fini' 
ductiou of cast and wrought irou in the Ural distrist for each saccessive 
ten years, coramenoing from 1797, an follows : • 





CMliroB. 


Wtmjht iTOL 




Pooda. 


Ton>. 


P».d. 


Tan. 


Tot tm 


a.8»,seu 

S:S:S 

9,993,487 
1**90. «H 


103, 7M 

ip 


3,DU,TIt< 

t:m.3!u 

T.(HH.SaS 

e,ni,wi 


Is 




Ml-IMJ 




is 









ISO. iBON-WOBKs m THE HussUN EMPIRE. — Tlie follon-ing ia a list 
of the imperial, royal, and private iron-works iu the Rnssian Empui, 
TiitU their production of irou and steel in the year 187l:f 
Prodiietioa 0/ iron-ori! and vf coif Iron, 



Plodnotlun of ci 



md >U|i 

imeltod. 






I. KooolMky -. 

S. Birkot^iOBky 

I. V«rkhnli-Toarlii*l^.. 

i. Pe«kDT(ky 

i. LLoitchukikT 



10. KonlfihoHisI . 

11. EnndlBrviky... 









3. Cioo 



™ky .. 



I. PitroTskji.. 

Total 

C—FHtallt m> 
i. KlKeoEtSuldlDsky.... 
t V<lkhiiU«aldliia{y'.'. 



SI. TorkhoUDBlvtMky 

V. HelTiiiikonnidiuakj 

9S. Tsrkhaii.TuhllBkt 

94, Ootkliukv, (JakorbT) 

MS. K«!<ii AUpiHenkr 

ai. KtiTO ChilUukr 

ST. TarkbnlA.SlDiMohikbiiukr... 

sa. KfivUiuky , 

l». P«tmk»nai>iky 

30. Ni(rtni«.SetKliiinkv 

31. V<-rkbu)*«=rghiinky 

n. Kyphtymsky 

33, KuUnsky 

M. NUii«)>6lravBk7 

3i, SyoerMky 



f M^ 



t^Iron an<l Steel TnBtitiit 

H TaJl^MKi llatittiq»a, at tbc 



wvoee 

iM,Ma 

140.9)1 



dF(>r1wB,K. R. S.,dkc. 1,1 



SI. Ml 



aw 
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Produdioa of iron-ore and of oeil livu— Cod tinned. 



Wwk.. 


mined. 


au<l slas 
MiehKl. 




Of cost Iron. 


PiK-ir™, 






F<,ud.. 

i si: 

4!»,iMn 

339, M« 

ansae 

^3, MS 

set 000 
J ^rl.3H 

'MO.»i 


010,038 

3*o,a!n 

308,303 

! as 

49o!r« 
lAcoa 

il 

Me,99t 
sit, £33 

5T.,S(a 

( Am.s3s 
i ws.see 

i mm 

*43;«o 


G-j:64fl 

10*. 3*1 

aoo.ow 
an: IDS 
ija,i3i 
i.-«.7ra 

.3.- 1.183 

1 

236,373 

M.Ka 

liiSTJ 


afioi 


















































rkiini.i-ii;;rii««kj' 


.WHS 












































36.190 










37,040 


ROOS 


i.im 








91.0M.4»J 


SS.!W1,B43 


ii,irii.on 










iiolooo 

msoo 

319.019 
X>O^D<JO 
MS. 009 

100, ei9 

J i,u5.ooa 
aso.000 

43a. IM 
333. 03S 

1S:S 

Its, 000 

■as 


ix.ass 
M«:oM 

3HT.930 
S3A03a 

lis 

73«,«KI 

an, ISO 

•03.I7S 

163,098 
H4.S13 

330. MO 


3!M.e<a 

a.\M3 

Si 
'li 

M,04S 
01.099 
37.493 

l«l,TO5 
BO.aM 

11 

38.4!it 


































































































ii!ia> 


4S,8«I 
10.903 














», 3*1.038 


7,147,111 


9,309,733 








E—Fiirttt mrkt, CoHoriu. 


M,BTI 


SI). HM 


MM 

a.-ha«0 
10.000 

3,000 
SU,900 
3,780 








rrirafi tnrlm. %^rtn and em/fal 


ira,wo 

[ 6i»,-00 
It. 000 

^wlo 
in.aoo 


i(n,»B 
( <w, 100 

CjH.noo 

ii;ff73 

slow 












i?^^y::::"::;::::::::::::::::::- 


i.m 




















l.in.MS 


_i.3n,5« 


3*1, TW 
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ProdKction <tf iroB-oM and of milirON— ContlDiled. 









■£S. 


Prodattlon 


of CUtlRdL 


Work a. 


mined. 


Pigipon. 


:£= 


G.-Frir*lf iPorU Bibtria. 


mo, 571 
800, SK 


Fou^. 


Pfudl. 


r«i,. 












SIP, Bra 


538, BM 


an, SSI 








B.-Vorlii X] Ai m»™. Knpdoni n/ fttend. 
107. BuDkoTik? 


na.et)S 

«i,oio 


aOHBM 


B7,3« 


s.ie 












1.0S8.H5 


5113,470 


177.801 








J.— PriBolf iwrki, lintfiTom <■/ FiAanit. 




453,834 
500,1)00 

i5o!aoD 

155, DOO 

i3a:86ii 

1W..WI 

700, WM 
331, MS 

iiifi.euo 

34B,B.'UI 

»o:eoo 

TilSO 

sa,ocM> 


140.000 

« 

37.1*5 
Si 075 

so, wo 

3S:590 

3*, 510 
7,000 

sa.000 

eel 747 

41.I05 

Its 
11 






mo 
lei 


ISO 

DOO 

am 

681 


























ioi'ii? 






!!0S.71S 

nslooo 
93, two 

177, BM 
303, SSO 
^93.1 
40, «M 

»^ 




















3*. KhIoTlMky 


iW 




























n,400 










9, MO 

wi] an 

711950 


(irtl.MO 

5!iS 

70,000 

as 


ao.000 

is 




IS;'"'"' 


gs 




»!» 


1(0. MLiieii<.r VtlQne anil Ueniliup, |1£7U| ... 


aia.J47 






Totol 




■m 


5.4111 453 


1.178,578 


■U.1I1 



K.—Frieatt writ. Fiiiiaad. 





1 

a,5i4T5i 


ss 

40. 904 

434.080 
3(14 338 

11 
ma44 





















::::::::::::::::::::::: 
::■■ 


















































-i .'.84 131 


3.01T,4J9 












50.i%eoe 1 


ie,iin.i5a 
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Production of irotif and of steel. 



WorkB. 



A. — Crown works. 



1. Nigeni^-IcetsVv 

S. ZlatoooBt Kuias^-Mikbailovsky. 

3. KoQciDHky 

4. Satkionky 

5. Artinsky 

6. Nigeoi^-Tourinaky 

7. S^r^briaoHky 

ft. Permsky stalepoacbetchny 

9. Votkinsky 

10. Kamsky 

11. Kirsinsky 

13. Lougaooky 

13. AlezADdrovsky 









Pouds. 
67,703 
11,433 
13,567 



41,338 
51. 479 
79,324 



157, 946 

111,393 

134, 705 

14,469 

2.048 



ToUl 

B. — Work* pertaining to the cabinet of the Emperor. 



15. Gourievskv. 

16. P6trt)V8ky'., 



585,385 



8,643 

8,465 



Total 



17. 108 



C— Private work», Tirol. 



17. 
18. 
19. 
^. 
SI. 

93. 
S4. 
«S. 
96. 
97. 
«. 
99. 
30. 
31. 
33. 
33. 
34. 
35. 
36. 
37. 
38. 
30. 
40. 
41. 
49. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
53. 
53. 
54. 
55. 
56. 
57. 
58. 
50. 
60. 
61. 
eSL 
flX 
61 
6B. 



Nigeni^-TaghllBky 

I^isky 

If igcDi^-Saldinsky 

YerkhnidSaldiosky 

VicimAoatkiDsky 

YisimocbaitaDfiky 

Tscbemdistotcbibsky 

Yerkbni^-Isetsky 

R^evskoi 

Verkbni6-N6ivin»kj 

Ninny- VerkhDi6-^ ^'ivinsky . 

NmriDsko-RoadiaDsky 

Kigeny-Roudianaky 

K<Mebskoi 

Chonralinaky 

Verkbni^TagbUaky 

Vogonlaky 

Ontkinaky 

Scbaitaoaky 

SyWenaky 



448, 392 

218. 437 

34.383 

3,930 

16,485 

391 
201 



SargbiDsky 

N^o-Alapai 

Verkbni6Siniatcbikhio8ky. 



N^o- AlapaievRky 



N^Yvo-Chaitaoaky 

Irbitaky 

N6Tianaky 

P^trokamen Ak V 

NigeDi6-S<^rgbio8ky . . 
VerkbnidSergbiiiaky . 

Koainaky 

AUgaky 

Mikhallovaky 

Kychtymaky 

Kaalinaky 

Kiaa6p6trov8ky 

Chemakbinaky 

Syoertaky 



2^ 
Biinak 



{; 



PolaTakoy 
Verkh-Svcertaky 

8i6veraky 

Sooksoonaky — 
Tiaaoraky — . . . 

Kambftraky 

Ootkinaky 

Molebak/ 

BerdinaKy 

Blaaertaky 

BqfestTenaky.... 



337 



3,501 
1.696 

233,503 

824 

18 

136, 447 

134.937 

48,635 

116, 344 

395 

368 

195, 183 

319, 485 

15,623 

10, 436 

13,836 

371,744 

57,435 

166,463 

39.388 

38,566 

33,104 

18,093 

41,043 

3,749 

177,386 

135, 457 

47,337 



ta 



a 



32 



Poudi. 
13,853 



Poudi. 



i ... 




44,778 




1,417 


33,835 


459 


4.763 

71,560 

.'>,403 


64,440 
976 


11,117 













, 


139,539 


112. 070 






1,230 


251 


1,220 


251 



254, 934 15, 552 



915 



262.855 
103.034 
319,367 

131,618 



11,956 



5,601 







3,350 






156,678 
226,441 










1" 








....«•••••..,.•••.....• 




■■"■■""""' 






45, 213 
113,907 




.......... 


.......... 


............1 - 


42,790 















•" 1 


17 , 
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Pradticliou of iron, and 0/ «(«(— Continueil. 



C.—FriraU wenb. Cnrf— Conlloued. 



B. ChiTtMrtj 

I, IruhiDA. 

i. attanltKlcv 

9. Kunahky 
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Production of iron, and of steel— Continued. 



Works. 



=1 

a ° 

I" 



E.— Private tcorks, Caucatus. 



kliHkj 



F.— Private \corki, Siberia. 



i-ikv 



mH 



iua 



iky 



lot under the juriidiction of the administration of mines. 



derAmiraut6 

lOTsky de rAiniraotd 

' (Mioistre de la Gaerre) . 



Pouds. 



1.217 ! 



73,945 
50,436 



123,381 



18,481 



a 

.^ootllof 

aoci^t^ des cbemioB de fer 



sky 



J. Roiikavicbnikof . 

S. Piatof 

tcbensky 

dra...... 



sttablUbmeuta. 



Jtal. 



Jl.— Works of the crown, kingdom of Poland. 

doief 

nky 



r. 



Jtal. 



J.—Pritate works, kingdom of PtAnnd, 



>tiky .., 
)vitzky 
sky. ..".. 
bovMky . 
ivaky.*., 
iktiky . . . 
evaiy ., 

t«y 

raksky . 
vskv ... 

cv 

iky 

iiky 

Uzki ... 



Dsky . . 
3Bky .. 
nitzky 



rf 

tovBky 
evnky . 
:zkv*... 



rnkv. 



•vsky 
^ .... 



41,508 
131,015 

1, 399, 019 

696,873 

127,731 

39,055 



117,987 

71, 715 

5,434 



2, 648, 818 



1,740 
74,509 
:U).233 

488 



129,960 



3,000 
175,056 

32,957 

35.000 
760 

83,200 

13,122 

33,322 
2,000 

28.240 

5,069 

144, 774 

7,381 

2,350 

10. 570 
6.250 

52.820 
5, 4U5 
3,000 

16.000 
2.500 
5.014 
7.000 
1.762 
5.000 
1,300 
3,130 
t<,000 
136,000 

30,000 
5,750 
5.700 

10.550 
950 



00 

2.5 

CO 






Pwids. 



Pouds, 



12,234 

4,698 



380 
236 



16, 932 



616 



32,508 



160,500 



7.793 
27,.^?97 



1.055 



1.055 



3,750 



30 



15,500 



13,560 



2,366 



1,552 



142,369 
5,735 



90,500" 
25,100 



228, 198 193, 704 



\ 
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Production of trow, and of steel — CoDtinued. 






Works. 



1.— Private worki, kiivjdom of Poland — Continued. 



IIH). Konezpol... 
lUl. Konibelidz6. 



ToUl. 



J. — Private inorks, Finland. 



19-2. 
103, 
194. 
11»5. 
1%. 
11>7. 

loa 

199. 
200. 
SOI. 
20i 

aax 

205. 
206. 
207. 
208. 
209. 
210. 
211. 
21'A 
213. 
214. 
215. 
216. 



Matildadal .... 

Dalsbrouk 

Hej^ors 

Fiskars 

Stremsdal 

Verlsiltt 

Ekaterinenskj- 
Frid^rixfors ... 

Kiriakkala 

Jokkis 

Vi6r<)u 

Kim6 



Oriaberg . . , 

Biln^a 

Fagbervik. 
Mariefon.. 
Srerl6 



Kantoaa 

Stremfoni 

Xorrmark 

X68« 

Irkekoiiki 

Varkaous 

Oravi 

In Catalan forges. 



Total 

Grand total 

Grand total of bar, rod, and sheet iron. 




890,524 



4d, 278 ; , 



39, 
94, 

14, 
8T. 
39, 
109. 
73. 
17. 
14. 
7. 

e, 

12, 
9. 

13, 

10. 

14. 

20. 
7, 

10. 

6, 
1. 

7. 

3, 
34. 



232 
409 
563 
464 
187 
649 
288 
0:J5 
551 
177 
533 
756 
407 
078 
951 
705 
466 
023 
439 
767 
132 
273 
544 
733 
727 



1,560' 61.35 



658,289 



1.560 



11.959.622, 2,998,975 



14. 958, 597 



H( 



4li,Ml 



There is a large consumption of iron and copper in the manafactare^ 
of Eassia, notably in the manufacture of artillery-arms, machineryv and 
iron vessels, but the statistics of these manufactures are acknowl- 
edged to be very imperfect, inasmuch as some one hundred and 
fifty establishments for working iron do not report to the government 
mining department. And the working of iron to a great extent is not 
confined wholly to large establishments ; there are entire districts where 
the peasants are exclusively occupied in working iron during the win* 
ter. For these reasons the following figures represent only a small part 
of the extent of metal-work in Russia in the year 1871 : 

Pondi. 

Steel cannon 15, 682 

Apparatus 20, 493 

46,175 

CaHt-iron cannon 51,485 

Munitions of artillery 405,831 

Iron boats 7,868 
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Cast-irou work : Pouds. 

I cupolas 1, 306, 110 

I reverberatory furnaces 584, 169 



)comotives 

on-work 

)pper and steel work 



1, 890, 279 

: 3,596 

.: . 850,831 

36,813 

Pieces, 

)pper and steel work 287, 440 

de-arms , 40, 708 

rm-apparatus 30, 326 

;j thes 33, 750 

51. Production of coal in Russia. — The production and distribu- 
m of mineral coal, petroleum, and salt in Russia are shown by the an- 
xed tabular list of collieries, &c., which lists are important iu connec- 
)n with the foregoing lists of iron- works : 

Collieries in Russia, 



Xanio and location. 



A. — Moscow eoal-batin. 



Mali-vftky 

TovarkovMky . 
NovoiMdfbiiy . 
JaceiitiUky.... 

Slaviansky 

Zelenensky . . . 
Mouracvinaky 
Tvhoiilkovsky 
Pavclotzky ... 



Total . 



B. — EVsabetgrad bmin. 



Kltat^^rinopoldky 
Djourovsky 



Total 



C. — DoneU coal-basin, 
(a) Territory of thu CosAacks of the Don. 



GrouchevAky 

Bolche-N«*i»vitaisky , 

VUiiaovrtky 

Ryghioflky 

Bamb^tof. 

B^ftreatovMky , 

Teiritijrii's of Tcherkask, Donotz. and of the Don. 
Private collieries. Arrondissoment de MiouBS . . . , 



(6) In the government of Ekaterinoslaf. 

MINE8 OF TUB CUOWN. 

Licitcbansky 

rUIVATE MIXES. 

Firtt diitrict. 



Nikltoviiky. (M. Poliakoff), 

Volyntz© v»ky 

AlezAodrovaky 



Coal. 



Poxid4. 
1, 316, 839 

760.560 
1,300.000 

200,000 
5,000 

150,000 
1, 145, 000 
2.000,000 
1,600,000 



8, 677, 399 



I Bituininoas, 
Anthracite.! shale, and 
lignite. 



Potidi. 



Pouds. 



3*.: 



500,761 



300,000 
700,000 



1,000,000 



10, 603. 467 
35,757 

478, 371 

876,339 
3,115.621 



965.000 

7.217 

530,181 
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Production of chrome-iron ore. 



Sources. 



Private mines in the TTrdL 

1. Verkh-Tcetaky 

2. Kvchtiujsky 

3. CfiHitangky 

4. Oufdlfc'idky 

Total 




Ponds. 



337,685 

Han 

109,964 
49.127 



4M.973 



Production of salt. 



Sourcea. 



A. — Rock'SalL 



MINES. 



1. I1ot.Hka)a Zachtchita 

2. Mout Tcliiptchatchi 

3. Koulpiiisky 

4. Nakhitch^vansky... 



Total. 



B.— SoZt ohtAined l>y evaporation. 



WOBKS. 



5. DedioukhiDsky , 

6. Lon veiKsky 

7. Ounnolak V 

8. SolikaiDHKy 

9. Leden^sky 

10. TotemAky 

11. S^r^govaky 

12. N^noksky 

13. Konloisky 

1 4. Oiinskv 

15. Loadnky 

16. Small worka on the borders of the White Sea 

17. Balakbninsky 

Ifi. Slaviansky 

19. TroitHky 

20. Oiistf^koutHky 

21. Irkoutaky 



Total. 



C. — Salt from salt lakes. 



BALT LAKES. 



22. Elton 

23. D'Arttrakhan 

24. Gaidoukaky 

25. Mojarsky 

26. DoCrimi^e 

27. Konyaliiitsky 

2H. Tchalghinaky 

29. Dii Tranacadcaae 

30. Manytcbsky des Cosaqaes dn Don, (1870) 

31. DeaCoaaqaes du Koaban, (1670) 

32. Inderaky des Cosaqaes de I'Oural, (1870) . 

33. Borovya ot Aleouskya 

34. Boraiiiak^ 

35. Jakoutajky 



Total. 



Grand total 



Poods. 



80^638 

1,012.219 

903.695 



3.067,049 



2,4n,7« 

3. 699, 373 

3 390,690 

935,605 

170.964 

6,665 

233.539 

69,96.1 

499 

8.173 

3.836 

5,StSB 

26.69e» 

151,694 

100,801 

42.744 

330,555 



11.654.596 



370.000 

4,379,0e6 

935,^ 

497.763 

6,957,015 

715.287 

901.095 

345,965 

194,680 

82,776 

192,200 

30,496 

9a 581 

11.100 



13.539,699 



98,954.530 



In the coDclading tables a general view is presented of the total pro- 
duction of the mines and metallurgical works of the Russian Empire in 
the years 1870 and 1871. 



t^.kx."^ 
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Jet^eral table of the production of the mines and metallttrgioal works of BussiUy 1870 and 1871. 




Washings. 



ariferoaB sand... 
tatiniferoas sand 



Extracted by washing. 



^aabed }(old . . 
rude platiDum. 



Extracted from mines. 



rgentiferous lead-ore. 

ipper-ore 

OD-ore 



iio-ore 

\n-ore 

>balt-ore 

>r Titiriol, (pyrites excepted) . 

Mil 



raphite 

stroleam . . . 
iromic iron 
at 



Pouds. 

1, 081. 518. 424 
10, 440, 650 

Poud, liv. zol gr. 
% 399 38 ii 8 
125 6 56 

Pouds. 

2,177,540 

6, 222, 759 

50,823.668 

2, 629, 477 

22,909 

649 

50,000 

50,654,552 



1870. 



Pouds. 

983,*475, 095 
9, 609, 150 

Poud. liv. zol. gr. 

2, 156 23 16 19 

118 38 33 

Pouds. 

2. 116. 404 

6, 392, 622 

48, 763. 156 

2, 666. 754 

66,292 

1,249 

95,000 

43, 230, 589 



Smelted. 



rj^entiferous lead-ore. 

)pper-ore 

on-ore 

nc-ore 

m-ore 



Products obtained. 



Iver from the ores 

»ad 

»pper 

a 



g-iron , 

i8t iron in different forms 



Total of cast iron 
nc, cmde 



ist iron from cupolas 

lat iron from reverberatory furnaces 



Total of cast iron 



)n in bars, rods, rails, &o 
3n in sheets 



1, 375, 523 

450.973 

28,254,530 



1,892.636 

6, 384, 154 

48, 567, 152 

1, 665, 495 

•f 

Poud. liv. ;»l 
828 30 27 
107,963 26 
260, 006 31 
475 
Pouds. I 

18,854,634 ' 
3,149,884 I 



1, 704, 455 

600,024 

29, 013, 458 



2,066.792 

7, 190, 213 

48,464,114 

2,117,318 

f 



Poud. 

867 

100,653 

308, 440 

1. 032 



liv. zol. 
30 68 



20 



9 

Pouds. 

18, 557, 412 

3,401,914 



22, 004, 518 



166, 581 



1. 306. 110 
452,239 



1, 890, 279 



Total of iron 



eel 

rpper. in sheets 

DC, in sheets 

»balt matte 

9n-work 

ork in other metals, 
triol, &c 



>tal of different mints 



iVoto loorking. 



»ld-mincs 

stina-mines 

'ftentiferous lead — 

jies of copper 

nes of iron 

nes of zioo 

nes of cobalt 

nes of tin 

nes of coal 

nes of graphite 

nes of pvntes 

nes of chromic iron 

nes of rock4Milt 

arces of petroleum . . 



11, 959. 622 
9, 998, 975 



14,958,597 



442, 241 
21,277 
30,000 



850,831 

36,813 

4,605 

JioubUs. 
11,254,744 



Number. 

979 

6 

21 

76 

1,174 

6 

1 

1 

327 



1 

6 

4 

697 



21, 959, 326 



221,328 



1, 343, 891 
620, 851 



1, 964, 742 



11,971,459 
3, 246, 449 



15.217.908 



536,086 
29,643 
26,844 

305i 
958,634 
53.885 
9.910 

lioubUs. 
33, 545, 643 



Xumbrr. 

1,208 

6 

26 

71 

1,283 

6 

1 

1 

193 



2 
9 
4 
77 
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General table of the production of the mines and metallurgical works of Russia, 1870 and 

1871 — Continaed. 



Minta 

Reflneriea for gold 

Silver-works 

Copper- works 

Cast-ironworks 

Zinc-works 

Cobalt- works 

Tin-works 

Works prodacing iron and steel. 

Hieh-fumaoes 

Puddling- furnaces 

Kefinery -f umaces 

Forges 

Steel-furnaces 

Cupola-furnaces 

Reverberatory-furnaces 

Copper-fnmaces 

Silver-fnmaoes 

Zinc-furnaces 

Steam-engines 

Power of engines 

Water-motors 

Power of motors 



Nnmber of workmen employed in the mines and works 

Number of workmen employed in the gold- washings 

Number of workmen employed in the salines, (approximated) , 

Total of workmen employed 



1871. 



dumber. 



S 
S 
9 
3a 
153 
5 



1 
St4 
293 
431 
667 
818 
372 
150 
93 
247 
130 
141 
515 

14,477 
2.224 

39.938 



158.446 
67,854 
40,000 



266,300 



1870. 



Number. 



3 

2 

10 

33 

164 

4 

1 

1 

214 

S45 

445 

693 

9^ 

495 

161 

9S 



130 
1S» 
4fB 

13,730 
2.SS3 

51,! 



156,197 
69.186 
40.000 



263,383 



CHAPTEJi Vn. 



GKEAT BltlTALN. 



PRtKCIfAI. K 

Company; Thomas Firth &. Sos'a 
pjiNV; Wbitwbll's hot-blast sto 



I, ; JoHS Bnowx & Co. ; Bowling laoK I 
iL IKOOTS 1 Landore StBMEKS Stesl Gov- I 
; SrEMEMs'a direct process ; Dbcoratbo 1 



152. The extiibitioQ of iron and steel 1>; Great Britaiu is meager com- 
pixred with its rank as first on tbe list of iron-proiiueiDg couutries. 
Tliere are but few exUibitors, and iio eflFort appears to have boeu made to 
present a general or statistical view of the extent and value of British 
iron- industry, us was done at the Paris Exposition in lS(i7. 

133. The annexed tables exhibit the exports of iron and steel from I 
Gieat Britaiu for the years 1ST3 and 1314, and during the first half of 
tbe year 1375. These figures are compiled and published by the Board 
of Trade authorities, and are cited by Jlr, Forbes in the report of the 
Iron and Steel Institute of Great Britain. 

BxpoflM Qf iron fron Great Erilain in the ijeart lti73, WA, and the fint half of ISTS- 



WhithToiportod. 


IBTi 


IBTI. 


lara. 


««^.r™„, 


Hfl.i« 
54 313 


iii 

28, TM 

Has3 


Jemj. 








as 
















6M,7« 


JI9.998 








B>r^|t«, bolt. uid rod: 


fl,SM 

11 

iii.aos 

T,89S 
7,85* 


B,031 

;| 

H708 
















































iM.aas 


115, <85 


mwa 
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is! 878 
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Eiporta of inn fnni Gnat Britain, 4c- — ContiDDed. 



Wliitliec eiported. 


■m 


im 


ISA 




3.ie3 

s.«Da 
89, ni 

B.IW 


To<u. 
i.89« 

a5.<»«i 

5T.«I 


n>u 
































348.1311 


m.KT 










15, 9M 


14. in 


si.ew 


Boop. ■hMla. boiler and .nDor plaUi: 


».saa 
i.sra 

0.379 

J5S! 


3.(81 

is 


















































i«e,Ma 


89.809 








"""•CfU^ 


a! Ml 


l.aSG 
1,839 


























M,W3 


63.131 


w.m 




ai.xtn 


■405 


».«a 



To HdUDd.. . "I ;^; !;;!".;'" 1 

To Snalii mmI CinBrivii 

To Vniteil Stales 

To Briiliih Xorth Aniorica. .. 



3.601 

s.an I 
4|4a7 ! 



ToD 

To Hniinn inuu 

ToAuMnlla 

T» other eoDiKriea -- 

ToUl 



lalnl 



To rufiwl S(»t. 
loollifrcouDtc 



ToWl 

Id Iron fnr rPminnfutun 
To rmw Htaln 

To oIlHT couiilrits 

ToUl 

InnnfactiirrnQf i^ted.orsl 



nod IroD combined .. 



30.938 


Ki, -or 

43. WW 


J4.G34 


140, M4 


l-,-9.6VJ 


iis.iu 


loiew 


S 


l,3U 

X3a 


SO. 050 


14. M? 


14, B» 


14,7UJ 


io;i^ 


iOOS 


41.355 


14,553 


f.hii 


3,3U 


<ati 


^ 



T«[alofii™«nditoel ; l,JSi(ifl9 | 1,I7S,7« l,iai» 

154. ritisciPAL EKHiBiToas.— TUe heaviest exhibition in the British 
Bection is made by the firm of CamDiell & Co., of SlJoflieUl, which sends 
cast-steel pro])eller- blades, rails, wheels, axles, and armor-plates. The 
firm of John Brown & Co., which sent snch massive iron plates to the 
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ftrls Kxposiliou in 1807, is content tliis yar with iiinlciiig a very full 
splay of raiKaj-niiiteriiil, and two sniiill armor- plak-s showint: llie 
fects of ronud sbot ami of pointed shot. The large plait' sent by Cum- 
ell & Co. is 20 feet long by 7 feet wide and 10 inches tliick, and is 
tended for the Germiin tum-t-Bbip BoruitRia. 

The Bowling Iron Ounipuny exhibits iron and steel boiler-plates, Hteel 
iStiDgs, and railway-material. Steel tires for rail way- wheels are shown 
mt while cold into various forma without breaking. Thomas Firth A 
in exhibit steel ingots; a homogeneous steel core tor a 3.1-ton gnn, 
id I'orgitigs of the same metal for artillery and ritla barrels. The Lan- 
tre Siemens Steol Company send samples of tUeir steel rail and tires, 
id of tJie steel barrels for the Martini -tienry ritle. In the exhibittnu 
ade by Johnson & Nephew, Manchester, there is a wtddless wire 1,770 
irUs long. 

There are sevend other contributioiia of considerable interest, but tbe 
out important in a njeCallnrgical iioint of view are the exhibitions 
wle by Thomas Whitwell of his hot-blast stoves, and by C. William 
emeus of a new process for tbe production of iron or steel. 

105. Whitwell's hot-blast stoves, — The patent fire-brick stoves 
!Jklr. Whitwell are intended to heat the blast of Iron-fHrnaces. The 
irention is represented by a very perfect model, accompanied by a full 
Fries of drawings, and, what is belter, by nii intelligent agent to explain 
Iwm. The stoves are designed to replace the ordinary iron pipes used for 
mating the blast, substituting for them a aeries of flre-brick chnmbera 
11(1 passages which are heated by the direct contact of tbe Uames of the 
inniitig gases taken from the furnace io the usual way. When the 
laas of brick is suflieiently heated the gas is shut otl' and the blast is 
4roitled. This in passing through the same heated chambers acquires 
b« temperature of the bricks. The brick-work, of course, gradually cools 
lo»u, but by the time the last chajnbcr begins to be too cool another 
tor^has been heated np, and the blast is made to pass tlirough that. 
ileRtaves are thus alternately heated by the burning gas and cooled 
•y the blast. The advantages of this syatem are numerous. One of the 
Wat«8t Im uniformity of temperature of blast, which cannot be counted 
ipon with iron pipes. The bricks are a great store'-house of heat, and 
lool gmdnally. Iron pipes cool suddenly when from any cause the sup- 
Ijf nf burning gas is stopped. The air being brought into direct contact 
'itb the snrfiices previously heated by the gas, absorbs tbe heat quickly 
M ffiUi tittle lose. The apparatus is simple, is easily erected, and in 
rtHK extensively Introducod. For cupola- furnaces, making fiOO tons 

«eck, two stoves, 12 feet sqaare by 21 feet high, and with 2,270 snper- 
eW iiquare feet of heating-surface in each, are necessary. 

The construction of these stoves is shown by the annexed fignres, giv- 
l| Vertical and horizontal sections and plans. 

\lto. 61. — Ifeating the Mtovc—vcrtical section. — The hot-Wast valve A and 
L«r.M U\i>^\ VHlve C being closed, the gas-valve B is opened, through 
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which the gas enters Iho stove, traverses up and down tUo sj 
tweeu the upright walls, aad enters the chininey-flue by the valve I). 
Heated air is supplied to the gaa by meaua of the air-valves a ami oaud 
passages I and d, by whicli a most intense comhuslioii is gaiiie*!. Tbe 
internal heat of the stove, as well as the (iombcstion of the gits, isol)' 
served by the eyepieces e e. 

Figs. (JI, G2.~Ucating the iia«(.— The cUimneyvalve D and gas-vaki; 
B being closed, and the hot-blast valve A being opened, the cold blast it 
admitted through the cold-blast valve U aud issues from the stove bj 
the valve A red Itot, all other valves being closed perfectly tight. 

Figs. 01, 03, G-t. — Cleaning the sloce. — When it is required to cleaai 
stove the top cleaning-doors E are opened and the walls 8cra[>ed witt 
the "cteiiuing-tools," wbeu the dust deposited on the heatiDg-ftorfMtes 
falls to the bottom of the stove, and is removed by the bottom cleaning- 
doors F. 

The upper plau, page 230, shows the arrangeuieut of tbe RtovM to 
four furnaces in/uU blaat at the Coosett Iron-Works ; but this plau mw 
be varied to suit all circumstances. 

The following distinguishing advantages are claimed by thdinventsr 
for these stoves : 

1st. That they will stand a tcinporature of 2,001)3 without damags. 

2d. There is no wear and tear of cast-iron pipes or material. 

3il, They aresoonercleaned than any others, the titneroiiuirodbetffWII 
ayiug off aud sUirtiug agaiu being six hours. They are not cooldil iawa, 
but are cleaned from the outside while red-hot. This takes place at in- 
tervals at from three to sL'c mouths, according to the ami>uut of dust In 
the gaN. 

4ch. The principle on which the stoves are constructed insures tlu 
greatest ecouomy of gas or fuel, whilst the beat that is obtained io tbe 
blast is nearly the whole of that given off by such gas or fuel. 

5th. The cost of the stoves is not proportionately more per ftmiMO 
than that of ordinary cast-iron plant, equal to modern requiremeute. 

fitb. These fire-brick stoves effect a saving of several cwts. of ^ 
per lou of iron made. 

7th. The stoves being riveted and calked air-tight, there is no loai 
by bad joints, and hence a large amount of wear and teur is 8aT$d to 
tbe blowing engines. 

Stii. The areas throughout are so regulated that there is no to« of 
pressure by friction, but a pressure of four pounds iihtho eugine-hooK 
gives an equal pressure ut flie tui/ere, where the plans of the patentee w* 
properly carried out. 

9th. The immense reservoir of caloric storetl up in these stoves, boA 
red-bot wall acting as a fly-wheel so to speak, and giving out it* po«* 
when most required, produces the best effect on tbe working of II fiS" 
nace. 

10th. Ttiese stoves form a prr/ecl ngnlnlnr to the IdasI, actiM|^J||| 
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Mpeot as the air-vessel in a force-piiini), and dispensing ultogetber witli 
le largo air- regulators tLat are fouud necessary in many works, tbe 
\aitt beiDg perfectly steudy at Ibe tuyere. 

Tlio use of hot blast, of tlie temperature obtainable from tliese fire- 
icb stoves, enables irou-iDitsters to eSect a saving in fuel, uiucli beyond 
bat can be obtained by any amount of cast metal i)ii>es ; and, if a beat 
om 1,500 to 2,000 degrees and upwards be desired, these stoves stand 
withont damage, whiUt metal ones at once give way. 
It is now generally known that high furnaces do not work well willi 
any kinds of fuel and ores, where those of moderafe dimensions hare 
> difficulty, but tlie hot blast produced by Whitwell's flre-brick stoves 
)ver fails to efl'ect the desired saving in fuel, whilst at the same time 
TOTing a corrective to nearly all those evils that lower the make and 
lality of pig-iron. In France, Alsace, Lorraine, tbe hematite districts, 
c., high furnaces have been already tried, but have failed chietly on 
%ount of their scaffolding ; the approved height of furnace is now from 
j to 00 feet, except in Cleveland, whether for smelting hematite, m:tg- 
etic, oolitic, or carbonaceous ores. 

The original patents of Messrs. Siemens & Cowper have now expired, 
nd therefore the extra royalties hitherto imposed are saved. Patents 
ave been granted to these stoves in Great Britaiu, Prance, Belgium, 
he Uniteil States, Luxembourg, Russia, Austria, Spain, Portugal, Swe- 
i^n, Norway, Italy, tbe East Indies, New Zealand, and Canada. 

The celebrated firm of Messrs. Schneider tC Cie, Le Crenaot, France, 
isve during the past year blown in their first furnace on this system. 
They make, with four stoves, 400 tons per week of Bessemer pig. The 
%alait Iron Co., Merthyr Tydvil, have also adopted the stoves for the 
ame purpose, not only on account of the heat of the blast, hatthe per- 
'cctrttjuluriiy with wbieh they work. 

In general terms one stove will niiike 100 tons of pig per week ; at the 
r<mrH Workx, one stove makes above 125 tons i?rny ironper iceek; and 
01 some time past, the furnaces on a mixture with 4G per cent, metallic 
>%nbave made, with fourstovcs, uOO tons per week; the average tem- 
perature of the blast is 1,400° by Siemens' pyrometer. 

In Luxembourg, with oolitic ores of 32 percent, metallic iron, and coke 
fitb 13 per cent, of ash, the consamption is 20 cwt. coke per ton of 
f y pis ! production 525 tons per week jier furnace. 

At Weiterbach, in a charcoal furnace 2!) feet high, with oolitic ores of 
'3 ;>er cent, metallic iron, the consumption is 20 cwt. charcoal per ton of 
CTiy pig ; the adoption of tlre-biiek stoves in this case to an old furnace 
(ubled the [iroprietors to use a mineral of less ralae producing the same 
'tslitg of pifi as lean formerly made mth more cxpen»ive ores : the economy 
n fnd attained by the flre-brick stoves is C cwt. charcoal iter ton of pig, 
'M uiMtings of the finest description are run direct from the blast fur- 
*«<■'•, the iron heing now exceedingly soft. 
UU||{U|i(c£w,— [u these stoves every square inch is effective as beat- 
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iug snrface, as the burning gases are compelled between entering and leav- 
ing the stove to traverse the whole surface of the bricks exposed ; the blast in 
its turn also passes over the identical surfaces previously heated by the 
gas, and absorbs from them the heat required. 

In no other stoves where brick- work is used as heating-sarface is tliis 
the case ; hence in Whitwell's fire-brick stoves a much smaller quanWtii 
of heating-surface is necessary for heating the blast, inasmuch as eveiy 
part of it is effective. 

At this date, the stoves are adopted by 33 firms, including some of the 
largest in Europe, Comett^ Dowlaisj Le Creusot, DeWendel & Cie.j -ffnipp, 
Bochum, Ihipont ifc Breyfuss, cCx*. 

These hot blast firebrick stoves have been adopted by the following 
firms: 



Stoves. 



^ « . s 

s -£ ' >J 

S ** ~ 1 i 



1 
CHEAT IIKITAIN. , 

I 

Cnrutftt Iron Compami, Umitfil, Durham ...... j 5 

North of Eii'jland Itiduttrial Iron Company, limiUd, Carlton Iron Works, Stockton- I 3 

OIl-'l\'f«. j 

The Soliray Ifematitr Iron Company, limited, ^laryport (Bi'ssonier pig) ' 2 

The Mom Bay Hematite Iron Company, Workiuprtoii. (BoHSvuier pig) | 3 

The West Cuinherland Hematite Iron Company, Workiii>;ton 1 

The Jtutterley Iron Company, A lfr<»toii, Derby ,.. 1 

The TeeJt Bridne Iron Company, limited. St<H5kton-«)n-To«*8 *2 

Wm. Whitwelt d- (\)., Tlmrualiv Iron Works. Slooktoii-«u-Teo8 a 

Bell Brothers, Walkor Iron Work», >>ewca«llo-oii-Tyiie "J 

SOITH WALE8. 

Thf Doirhiig Iron Company, Morthyr Tydvil 1 

The *iot:m-nor and Company of Cop^pci Sliners in England, C wra Avon, Port Tulbot. - 1 



4 





16 



H 4 

<i 

y 

"i 

ic; 

f 

4 

4 



CONTINENT. I 

I 

I 

M. M. Schneider if- Cie., Ja* Ci-euMt. (Hfsseiner in^; I 

Le Baron Adeltncard, JAmtivry 1 

Socif^te de Vezin A ulnoye, Nancy 1 

S'>eiete. .iuoinyme deA Fonjeit d^ Denain 1 

Hijciete de ( 'oinmentry et Chatilhjn 1 

PKISSIA. 

F. Krupji. JolianncHlnitti*. DuiHlirr^ 1 

Frit'deri'h-Wilhelmx-Hiitte. Miillicnn, .1. «l. Itiihr *J 

.Vo»v'*7«J D'Acier Borhum, Wr.stphalia 2 

SoiH^tt} d' Horde, IHirtmiiiid I 

J. }{. DrenMler, ten., Si^'trn 1 

Sc.hii'ker, (irohen «f- Hiitten IVn-iM, (JelHcn-Korcheu *J 

Coiicordiah uttc AVA fviUr 1 

i 

ALHAtE I.OKUAINE. I 

I 

M. 21. Le Pitit Fih r/f Foiy. I)f Wendel <f' ('U\, Hayaii«e ' 2 

M. M. Ihipont d- Dn-y/uiiif, ArH<Hur-MoeH:lle '. : I 

r.KAXIi IHCIIY OF LlXEMUOrilO. I 

>ifri- *'• Anonyme /Vjr Hanltt-Fonrneaux, K(»r.h-8iir-L'Al«<'tte j , 

M. M. I'hilif' tt Bernard S'rrttiii.\\'eili'Thai:h. (Cliaroual pi};) 1 '■ 

M. Jf. Mitzdi Lie., F.-rses U'Eith , 1 • 



4 

4 

4 

4 

4 

4 

^ 

4 !!..- 

4 

I? 

4 
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nSLGIUM. 



SoeUU Anonyms dfJt Tlautt Foumeaux, Athus 
SaeUtt John CockeriU, Seraing, Liege 



SPAIN. 

CaMahrian Iron Company, limited, Bilboa 

UNITED STATES. 

Cfdar Point Iron Company, Port Henry. New York. 
.BoyU, DUmans <£ Jaraig, Kising Fawn', Georgia 



ToUl. 



Stoves. 



e 


Stoves 
building. 


Stoves in 
blast. 


2 
2 


10 


...... 


2 


6 





1 
1 


4 
3 




53 


149 


58 



Total : 33 companies, 53 blast-furnaces, 207 stoves. 
The arrangement of the stoves at Gonsett, at Krupp's, and at Creusot 
IB shown in the annexed cat. 
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156. Siemens' dikkct pkocess. — Dr. C. William Sl^tmeiis, of LoodNt, 
illustrates his newiy-pioposcd inetLodorprmliiciiig iron and t)t<«l directly 
from the ore by models of tbt* furuaces ami npjiaratUH, with speci- 
mens of the products and of tlie materiiils employed. The cbetDisti; 
of iron metallurgy is iiidelited to IJr. Siemeua for many valuable con- 
tributions, not tie least of wbich is his lecture before the Chemical 
Society, in March last, upon smelting iron and stei'l. In that Iccttirebi: 
gave, in considerable detail, the course and results of the esperimuiU 
whioli linally led him to adopt the direct process. Briffly sta.ted, tbi« 
(process consists in smelting successive charges of ore in a rotarj- pad- 
siting furnace, A charge of about twenty, hundred- weight of cnubal 
-ore mixed with the proper fliixiug material is placed in fJie rotating pod- 
gier. "When, by the flame from a regeneratire furnace, it baa been 

brought to a red heat, from five to sis bund red- weight of small cooI is 
added and the speed of the pnddler is increased. The reduction of the 
ore to the metallic state procoeda rapidly, the carbonic oxide evolved is 
Ijurned within the chamber, and very little gas from the gasprodoMn 
is required. When the reduction is complete the pndiller is stopped, and 
the fluid slag is drawn off. Tlie puddler is then rotated rapidly ; the 
iron iscollected into two or three metallic balls, which are withdrawn and 
treated in the usual way. About two hours are required for a cfaai^e, 
and assuming that one thousand pounds of iron are got out to each 
charge, the furnace would produce about five tons of pudilleO barptr 
diem. It is claimed to be feasible to push the operation so far within 
the rotator as to produce cast-steel. 3Ir. Siemens claims and nndertafces 
to demonstrate tliat by thisprocessa very great saving of fuel is effected. 
For the lining of the rotary puddler, after numerous trials, he has foand 
a mixture of calcined bauxite powder with clay and plumbago to be ibe 
best. Three per cent, of clay and six i)er cent, of plumbago give tit 
best results as binding materials. Bauxite is a ferruginous clay, cob- 
taining from one to four per cent, of silica. The graphite, under the In- 
tense heat, reduces the oxide of iron in the bauxite to the metallic state. 
Linings so made have been found to be very durable, far more bo tliao 
the best fire-brick. 

As Dr. Siemens' papers have been extensively publislied and circa- 
lated," it is unnecessary to give more than this general notice of hi* 
process. Experiments are yet in progress at his experimental works in 
Birmingham, to which a special visit was made by the writer. 

157. Bbcobated TIN-PLATE.— The Tin-Piate Decorating Company, 
of Neath, England, made a considerable display of tin-plate covered 
with a great variety of designs and of various colors. 8uvb plates *» 
supplied of any required design, at otdy a moderate increase of wH 
over ordinary tin-plate. They are already largely introdnced for smtll 
boxes and cases for medicines, matches, spices, and the like. It ti 
claimed by the nmnufaciurerH !hat the colors arc inilGlibly printed bji 
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patented process, and that they eau be varied at pleasure, will resist the 
action of boiling acid, and are neither aHected by heat nor cold. 

For small parcels decorated plates i)ossess the advantage of being 
cheaper than the ordinary paper-labeled canister, and goods so packed 
are preferred by dealers, as the covering is not liable to damage from 
either dust or damp : the empty package, moreover, presents a perpetual 
advertisement of its former contents. 

For show-cards this article is particularly adapted, as the covering 
will resist the weather and they can be produced at a lower cost than 
the card-board designs in ordinary use, the expense of glass and fram- 
ing and the risk of breaking or damage being entirely avoided. 



CITAP'IKR VIII. 



UMTKD STATES. 



Hepkkskktatii)k ^ 



II ; L.\K 



K oitn 



TUB LAKK SUPKKIOR RBUTON i EXIIIBITION oy CABT-BTKia. B1 

20.; Iiios-orssofKssbxCoijstv, Nkw Yobk; Orrs 

<A, AND AtARAMAi HoTHWBij.'s WY'tMiNO MAP; Sru.brs' rmmjn- 

i.i.KHs' liinnnoixs; Phoductioi* of rie-mos ix mK L'mtkh StAtx; 

HOLLBU IHON; PRODrCTION'OI'ltAILa ANUOK DKSaKMKR AXDUTIIKR KINDS Or STKU.; 

Statisticai TAULca Of nioi)UCTi"S I.N TUB Ukitkh Statks. 

158. There are a few specimens of American iron-ores tit tlie Exhibi. 
tion, enousli to direct atteDtion to tbe fact that we are an irou-proiliiciiig 
conutry, but tlie exhibition is by no means eornrnensurate with oui 
wealth and production of iron and of steel. There are withal no sta- 
tistics, in n presentable form ; nothing to satisfy the desire of iuqairen 
coDcernint; the extent and distribution of the iron and the ooal of tbe 
country. The catilogne is etinally h.irren. Taere does not appear to Irt 
a specimen of Beaseaier or Martin's stoel from the Uniteil States; aad 
a stranger to our metallurgical indiistrieH, judging of the country by what 
he finds in the E^hihition, would infer that such advanced metlioiU 
of producing steel are not yet introduced. But there is one excep- 
tion, of cruciblesteel; the Measrs. I'ark, Brother & Co., of Pittsbnrgb, 
hare sent a few samples and a very tine specimen of hot flnuging for k 
boiler-head, which attracted the nttentiou of the jury and received a 
medal. 

159, Laki! Supeeiob dues. — Mr. George K. Tuttle, of Cleveland, 
Ohio, forwarded a very giiod series of blocks of the magnftio and siwc- 
ciilar ores of the Lake Suj^rior region, as received by water-t^a^8po^ 
tatiou at Cleveland from Manjuette. The size and evident purity of 
these S|>ecimi(ns attracted attention. This exhibition would be inucli 
more instructive if accompanied by photographs or models of the miaes 
and statistics of the production. The production, which was some IJtM 
tons in the year ISoti, increased to over a million of tons in th«; 
1873. 

The following is a list of the chief iron nnnes upon Lake StI] 
with the pi-oduction in the year 1S74, compiled l)y the editor 
Marquette Mining Journal, and cited by the secretary of the 
Iron and Stei-1 AH.>40(!tiition: 
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^H ProiluctioH of Lake Superior Mines, 1874. ^^M 
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Mine. Toub. ^^^| 




105,600 
77,010 

1 Or?, 5c0 
114.074 

4fi,76i' 
2r^, 3il0 
lafl.iOfl 

as.oM 

10,931 
41,403 
:t,3Irt 
7,4B0 
31,588 

i.3«a 

8,849 

42,06« 
4S,!J94 

S,a87 

a, 641 


Wintbrop Ei.84fl'^^H 

Saginatv 45,4a0'^^H 
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Gouilriub 3,109^^^ 


























MttebntBL and Lske Snperior.. 
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The liecrease in the shinmeLts of 1874. na comitared with the shfn-^^H 


m«iiI»o(' l»;;f. was'.!.ll.H!ll tjins. Hm nrfxlnctinii or Mip vpiir lii^r. tinTiipH ^^H 


beliiif l.ll>^37U tOD8. The nroduen ot 1»T4 waa almost as lartrn as that:^^H 


of 1871i. n-liich was Uo2.U55 toD». Below is a table flhowin? the airffre.'^^H 


^le yieia ot all tlio uiiiiua trom Itl^ilj to lHi4 : ^^H 


leart r.m 

I8S7 ai.ouo 

1-15'* 31,035 

1950 e5,6T9 

IHGO lte.906 




46fl.07«^^^| 
607, dlS ^^H 
633.838 ^^M 

813,379 1 
9ra,05a ■ 
1. ICT, 379 
UlBi,48S . 












45,430 
115,731 

1B5,S67 
235,123 
19fl,!Se 

996,97a 






1873 




1801 




I«SS 


7,64U,a80^^^| 






In the Tear 1873. the urice of Lakft Siinprinr nrca at Clevpland wim ^^H 


about tlL' before tlio moiietarv name, aud #111 alter it. Iti 1874 the nrien^^H 


receded to ubout is'j. and then rj> ifi ami hhlmk ^^H 


100. tiAST HTREI. of C*RK. RrOTHKR H: )!n._'l'I.P Ha.i1,.lPS nf i-nii'I-.^^H 


ble-ateel boiler-plate, seat by Messrs. Park, Brother & Co., were man-^^H 


ofacinred by them at their estitblislimeut, known as the " Black Uiamoiitf '^^H 


Steel Works," in Titt^burRh, Pa. ^H 


The exhibition is contined to several KnetMinena nl lioniofeneona st^pl ^^H 


boiler Dlitte, showiDL' ttie strenifth. dtictilitv. and llani'-JnQ' oBDacitv or ^^M 


[ho metal. This elass ot' material nrodnoed in these works has ulreadr ^^H 


bwn ti^ed, to some extent, on Huronean railwars. and bv otlierrndwavs ^^| 


•Inroad tniiiithed witU American inromntiTe entriiies. in riif rniiHtrnctinn ^^H 


JAU^y^" Blaek Diamond " steel has bei'ii used. ^H 
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.'bis firm of Piirk, Brothw & Co. was organized early in llii; y^ 
'2, and tlie erection of tlie works was commeDred iintnediaU'Ijr Ibcre- 
after. Their business is tlie mannfactuie of nit descriptions of Itsr, 
plate, aud sheet east-steel, and, in addition, tlie Gennaii or " convened 
steel." Tbe process of nianufactaie originally adopted is Ibat wliichU 
still in operation — tbe "cementation process," In tbe profluction of 
caHt-steel at tlieso works neitber tbe Bessemer, " Siemens Martin."' or 
other kindred methods have been used, their oi>eriitiou8 baviuf; been 
:onfiued exc! nsively to crucible melting. 

Among tbe many grades of steel produced the following may W 
■numerated : Best cast-steel, for niRcbinists' and edge tools, for mining- 
drills, dies, &c.; steel suitable for reaping and mowing macbines, plov*i 
cultivators, aud otber agricultural implements; bomogeueons Bteel-platM 
for locomotive, stationary, and marine steam-boilers; steel for cottett, 
woolen, and other machinery, together with grades suitable for the 
manufacture of files, cutlery, springs, saws, &c. 

The leading specialties of this establishment are best cast-steel bomo- 
geueous plates, file-steel, sheet cast-steel for reaper and mower knives, 
together with certain other grades for various purixises. 

Tbe establishment is oue of tbe largest in tbe steel trade of tbil 
wintry, occupying several acres of land, and possessing extensive me- 
chanical appliances for tbe effective prosecution of their esteusive uid 
increasing business. 

The average uumberof men directly employed is 400, and the [its- 
ductive capacity of tbe works is 10,000 tons annually. The mannflK- 
ture in tbe United States of the highest grades of cast-st««l is claimed 
to have been first fully developed in these works. 

Tbe firm has participated with advantage in most of the groat exli)- 
bitions. It received a gratifying award at Paris in 1867. They have 
exhibited at London, Boston, Cincinnati, Jfew Orleiins, and other cities, 
receiving in the aggregate ten or twelve medals. At this Vienna eihi- 
bition tbe jury has decreed a medal. 

161. IHON ORES OP Essex County, New York.— The rich itinpietic 
iron-ores of the northern part of the State of New York are represented 
by specimens sent by Messrs. "Witherbee & Sherman from Port Oenrf, 
on Lake Champlain. Among the specimens there are several fine oct»- 
bedral crystals of magnetite from the " New Bed,'" so called ; maasea 
from the old Sanford ore-bed, and from other beds tributary to the man- 
afacture of iron at Port Henry. No statistics given. 

C, S. Johnston, of New York City, contributes a well-prepared nurltf 
of specimens of the ores of the Clifton Iron Mine collected by ProfeaiM 
Silliman at the locality. They are accompanied by samples of the Box, 
tbe pig-metal, and small blooms, and by a short descnplion in priub 
giving the results of analyses. From this description it appears thai 
the property of this company consists of three-quarters of the tovn lA 
Clifton, Saint Lawrence County, New York, aud enibra' 
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acres of land, most of it densely wooded, through which the Grass 
Biver llows about nine miles, affording numerous and unfailing water- 
powers of from 10 to 35 feet fall. 

The greater portion of the wood on the entire tract is hard, composed 
of beech, maple, birch, and cherry, interspersed with pine, spruce, tam- 
arack, hemlock^ ash, and cedar. 

The mines include several extensive deposits of magnetic ores, lying 
mainly above water-level. At the principal bed the veins have been 
opened at several points, and about 15,000 tons of ore taken therefrom 
have been converted into neutral iron, and used for admixture with " red 
short'' ores, with very satisfactory results. 

The ores are said to yield from 50 to 65 per cent, of iron of remarkable 
tenacity and specially adapted for wire and crucible steel and for found- 
ery purposes. Their purity and general characteristics are shown by 
the following analyses of average samples by Professor Chandler, of the 
Columbia College School of Mines, New York, October, 1^*72: 

The samples of magnetic iron-ore from Prof. B.Silliman, marked *'All 
parts Whim shaft, Arendal vein," submitted to me for examination* 
contain — 

Magnetic oxide of iron 79. 29 

Oxide of manganese 0. 35 

Alumina 3. 45 

Lime 4.46 

Magnesia , 3. 09 

Sulphur 0. 35 

Phosphoric acid 0. 32 

Silicic acid 8. 32 

Water 0. 51 

100.14 

Equivalent to — 

MetiiUic iron 57. 42 

Metallic manganese 0. 23 

Phosphorus 0. 14 

Sulphur 0. 35 

No. 7, Magnetic, (above lower tunnel.) 

Magnetic oxide of iron 80. 91 

Oxide of manganese 0. 42 

Sulphur 0. 08 

Phosphoric acid 0. 03 

Silicic acid 8. 77 

Equivalent to — 

Metallic iron 58. 59 

Metallic manganese 0. 29 

Pbospboms 0. 01 

Solphur 0. 08 
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ToOLEV Lakic, (new discovery.; 

Magnetic oside of iron 

Oxide ofmangniiesti 

Sulphur ft« 

Phospboric acid 0. 03 

Silicic acid 13.34 

Equivalent to — 

Metidliciron U.3H 

Metallic manganese 0.29 

Tbospborus 0. 01 

Sulphur 0. 08 

SiiEElDAN Vein, (new discovery.) 

Magnetic oxide of irou 79.83 

Oside of manganese 0. 73 

Sulphur 0,41 

Phosphoric acid Imce. 

Silicic acid 8. 55 

Equivalent to — 

Metallic iron 57. 81 

Metallic manganese 0. 50 

Plioaphorna trace. 

Sulphur ti. tl 

A good wagon-road about tw^enty-two miles long leads from the prop- 
erty to Da Kalh Junction, on the Itome, Wabertown and Ogileusburg 
Railroad, nineteen miles from O^ilensbiirg. A nearer route toOgdena- 
burg is ])roJecteiI. 

02. Orbs from Pennsylvania, Indiana, and Alabama E. C. 

Pechin, esq., of the Dunbar t'arn^iee, F.iyette County, Pennsylvania, 
sends a neatly arranged collection of the ores, coal, coke, autl iron. 
The specimens are placed in a box with partitions, and the descriptiuu 
of the specimens is added in gilded letters. 

There are also sjiedmens of Connelsville coke and coal, sent by Prof. 
Amasa McCoy and Philo Norton. 

Prof. E. O. Cox, the State geologist of Indiana, makes a fine display 
of "block-coiil,"of irou-ore, and of pig-iron, all from the southern pnrtof 
the State. 

Colonel Wililer, of Chattanooga, Tenn., arrived late with aa bdot 
mous blockofirou-ore, large blocks of coal, blooms, pig iron, bar-iroo,&c. 
This collection made a fine display, and was honored by a medal. 

163. ilornwELL's Wyoming Map. — The iron resources of AUbtUBS 
are merely indicated by a few 8m:ill specimens. Tliis is also the ean 
witli North C.irolina and a few other States. Mr. it. P. Uolhwcll tot- 
warded some of tlie Alabama ores, and aUo contributed one of his lar|{ti 
maps of the Wyoming authracilo coal-fieUla. This map, which requinHl 
years of patient labor, was presented, at the close of the Bshibi 
the engineer department of Ijelginm. 



SKLI.K)t> pnipLING-MACIIINE. 

■' Pi'DDUKO Maciiikb. — Tlie rwtrttor.v [iiiiUlltT exbibited 
y Mr. WiHiara Sellers, uf I'liilaiWIjiliin, li^w, from tlie liist, attracted 
at attention. Tlie iiui'i'Ky of its loriu, tlie single oitening in front, 
niiactness an<l tiuisli, and tlie east! witli irUicli it ia manipulated, 




bmeiid it to tlie noVu-e (iT iroii-tneii. It ia flask sii aped. The tiame 
! in, circnlrttes, and passes out again at tlie same end by wbicli 
. enturud, ou tlie opposite aide of a liuri/,iintal partition wJiiuli divides 
le opening. All the otber rotatory puddlers have openiiii;.-* at the op- 
Iteendtt, one of whJoh ia closed by a sliiling-door, anil is used for 
luvging and disoU.'vrgiiig. Tiie pndilKir is m placed upon a frame 
liat it cau be swung away from the fnrnaoe to permit of uliarging from 
le front. The parts most exposed to thu heat are protected on the 
Dtside by water-jackets. The charges for this puddler are to bo meltod 
I aa auxiliary furnace, saving not only thu lining of the pmldltir, but 
Ine and fnel. 
In itct-til, Mr. William Sellors'ii rotary puddling-niachine, which waa 
se iiiid in motion, consists primarily of a cast-iron Bpbe- 
I'nrtince, rotating alionl its longer asm, niiich 
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(>ort#ii iu a tiorizontal plane. It i^ elosei], at oue end, by a waw 
and is upen at the otber for the reiieptiou of tli(> cbarge of metiil, HUd lor 
tbe ailmUiiiou or ttie gases in oomliuBtiou. 

TliiB piiildliug "1)0H-I,"a8 itia tvrmet],i» inoiuitedou a cast-iron frame 
or oaniage, whiitti also supports the steiun-engiiie tliat drives tbe mil' 
ciiiuery to rotate the bow! aiul to move tlio frame about its axis. Tlie 
frame is supported on three poiutu: a pintle or lunge, and two vbf«l« 
placed with their axes radial to tbe piuile. The bowl of the piiddllog- 
iiiachiiie. whwi —""'-in*, has its open end in contact witb au openingoF 
siuiilar size iu Hie .rout plate of a staek of fines. This opening, vbea 
exposed to view, shows the luoutbs of a onmber of Hues ; the upp«r 
oueit couvejing tbe gas and heated air to tbe bowl, while a larger open- 
ing below — the ''dowu take** — carries otf the products of couibiutien, . 
aud leads them to tbe "regenerative'' system below the door. AC tht. 
mouths of the upper flues tbe air and gases mingle together, aud, «b«a 
ignited, enter tbe bowl, are driven to its back end, tiiere reverberating, 
pass over its lower half, and escape through tbe " down-take," tbtu llll- 
ing the bowl with an intensely hot flame. 

Tbe bowl is lined or fettled with tumps of refractorj- irou-ore, baitt 
iu, like rough stone-work, with some quick-setting cemeut.. 

The " water-back," which forms one end of the bowl, has a projectloj 
Journal resting in a bearing, while tbe other end of the bowl issutv 
I)orted on fiiotion- rollers iu tbe frame- 

The .journal on the water-back is hollow, and throngfa it passes a pipp, 
having one end (that within tbe water-back) turned up iua noxzli-, frwn 
which tbe water in escaping is thrown in a. jet against the upper surfiice 
Of tbe water-back, uud, filling its lower half, flows out through tlie hol- 
low Jonrual into a watcrpau, and is from thence carried away in pipe* 
The lower half of the water-back being always filled with water, during^ 
each rotation of the bowl all parts of the iron back are, in turn, im- 
mersed, and thus kept cool. The exterior snrface of tbe bowl is cooled 
by jets of water falling from a sprinkler placed ovor it. 

Au engine on oue side of tbe frame tnrns a worm or tangent wheelt 
which gears into a worm-wheel attached to tbe water-back, and iwrWB 
to rotate the bowl. 

A spiral pinion on the engine-shaft drives a train of wheels which ii 
parts motion, in either direiition, to one of the supporting- wheels, opcdt 
which the frame moves. By means of this connection the frawo van b» 
iniule to torn about tbe fixed pintle, like a door on its hinges, alternately 
closing the tiuo-openinga with tbe mouth of tbe bowl, or exponing Ihom 
to view when it is drawn away from tbe stack. 

When open, or away from the Bt^ick, the interior of the bowl in acces- 
sible from its opeu end for repairs or inspection, for the lutrodnctioo ot 
the charge of metal, or for tbe removal of the puddled ball. WIieD 
cloned it is in position to receive the burning gas as it escape;* from the 
I Uiuw. To X)revent the Htiick of dues from cooling during Hip chargtof 
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of the bow!, n circniar, concave liil, lined with fire-brick and hnng con- 
veuieiitly to a crane, is swung against tbo aperture in the iron plate od 
the stack nsoally covered by the bowl. 

The cylinder of the operating steam en Rine ia immediately over the 
piDtle about which the frame turns. The various pipes lor water and 
steam are all connected with one stand, and are Jointed in line with the 
center of the pintle, and provided with proper stuffing- boxes to permit 
tbem to tnrn with ease. 

A platform at the back of the frame ia provided for the engine-man. 
Standing ou this he has within easy reach the throttle- valve, a friction- 
tonke, (for smhleu stopping,) a lever to operate the opening and closing 
attach men t.t, and, also, a reveraing-levor, enabling the engine to run 
backward or forward. A balance-wheelnis provided to open and close 
the month of the bowl by hand. 

The fine-stack against which the]>aitd[er-bowl closes is merely a reol- 
angular iron casing, within which are construGted the rariona fines re- 
qaired for the heated air, tliegas, and thedown take to the regenerator. 
Adoorat the back of the fiue-stauk can be opened for the ready inspection 
of the int^riorof the bowl while it is at work and onder heat. In prac- 
tice the charge having btien introduced into the pnddler, and its month 
brought np to the fine-stack, the ignited gas and air are admitted, and 
barning within ttie rotating-howl, act upon the molten metal lying in 
the bottom of the bowl. The rotation stirs up the metal, which, boiling, 
" comes to nature," and is aggregated by the tumbling together of the 
particles of wrought iron. After this the surplus cinder ciin be drawn 
off tbrongh a tap-hole. The bowl being then turned away from the 
flnes, the puddled ball can be readily taken out and carried to the 
squeezer or hammer. 

If the iron be charged as pig, the bowl is not rotated until the metal 
has melted : but if the charge is drawn melted from a cu[>ola, puddling 
may begin as soon as the howl is brought up against the stack and the 
gasefl are admitted. 

The international jury awarded a Mednl of Merit. 

165. Sellers's stQH ROLLS. — A KUF of high rolls from the same estab- 
lishment alao deserves special mention. By a simple hydraulic arrange- 
ment these rolls can be set instantly at any required distance apart. A 
man, at one point, by a lever, controls the movement. Perfect parnl- 
lelism is maintained and, in ca.se of clogging, the rolls can be separated 
without accident. 

IRON PBODUCTION OF THE UNITED STATES. 

166. Production op pig and holled iron. — In concluding tbio 
brief notice of the objects from the United States at Vienna, it is deemed 
adirinable to supplement it by a brief statement of the iron-industry of 
the ooantry at that period. The growth of the pig iron branch of the 

^a^^dc from 1854 to 1874 ia shown by the following table, supplied 
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to the author by Mr. Swaiik, who baa coiD|>ilo(l it from statifl 
cured by the American Irou and Steel Association.* 

FroduclioH of pig-iroa in the Uaited Stal*», in net load 
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The following tables, ftoru the same source, present a generftl riw 
of the production of all forms of rolled iron in the country dnrise 
the year 1S74, the production of rails and of Beasemer steel. Id tit 
table of rolled irou all forgings, aoijh as auciiors, anvils, faammered 
axle»i, cranks, ships' knees, &c., are carefully excluded, oving to (be 
difficulty of getting exact returns. 
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Secretary Swauk states: " The total production of all rolled iron in 
1874, BeSHemer steel rails iucUided, was 1,839,560 net tons, agaiust 
1,006,445 tons in 1873, a decrease of only 126,88,5 tons. Tbis decrease 
was all in rails. Of the total product of the rolliugmilla in 1874, 
1,110,147 tons were rolled iron otlier tbaii rails, against 1,076,368 tons in 
1873, ail increase of 33,779 tons. The immber of tons of nail-plate coii- 
samed in 13T4 was 245,609 net tons, against 20I,'235 tons in 1873, an 
iiii:rease of 44,374 tons. The increase of 33,779 tons in the aggregate 
production of rolled iron other than rails in 1874 was, therefore, wholly 
in the department of eutnails and spikes. The total number of cnt- 
naile and spikes produced in 1874 was 4,913,180, against 4,0^4,704 kegs 
in 1873." 

Ill the production of rails the State of Pennsylvania takes the lead, 
bat in a rapidly diminishing degree from year to year since 1871. 

Pt'oduelioii of raiU bg Stala, in ton*. 



33i.«M 



191. 093 



1 1ST4 there were eight completed Bessemer steel establishments, 
t the combined product of steel rails exeeeded that of 1373, being 
1 net tons in 1871 against 129,015 net tons in 1873. 
Product of BrWTOkT «(ee( raifd, 1807 to 1874. ' 



he annual production of merchantable Bessemer steel, for all pur- 
I, is Hs follows : 
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Tliere were forty-two establiabniBiitH in tUo yenr 1874 prodnrang ottrW 
kiiirta of steel than Bessemer, iiicluiiiog cast, puddled, blister, and open- 
hearth steel. Tlie production of the latter is steadily iucreasiug, aiuooDt- 
ing iu 1874 to 7,000 tons, against 3,500 tons in 1873, and 3,000 tou 
in IS72. The total production of crucible- steel iu the United Stateain 
1874 is stated approximately as 34,128 tons, and of paddled, (^«a. 
hearth, and blister steel as 13,353 tons. 
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CHARCOAL AND BITITHniOITS COAL. 
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CHAPTER IX. 



JAP AX, CHINA. TURKESTAN. INDtA, NEW ZEALAND, ANO 
AUSTRALIA. 

E' Japan ; JAPAKKeu furnace ; Chinesb exhibit 

niK MAItlKK AEteF.NAL AT FOIICIlOW; NaTIVR CA9T- 
LND STKKL Of BRITISH 1m>IA ; INDIAN GOAL« } , 
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; Deposits or moN-ouE; New Zealuid; Ilfka- 



iKGfl rROM TuiiKKSTAX ; Ikon 
Xativk pursace I 
BOTTONM aud forgrd i 

COMBE litOK COMPANY't 



iri7. The ikonoees and the steel pp Japan. — The Japnnese, 
who have Gtitereil most intelligently into the true spirit of the exhibitioii, 
have brought with them the best collection of their miQeritis yet seen 
abroad. In ttiia collectioo ne tiud their ii-on-orea chiefly iu the form of 
imu-sand from the beaches of the volcanic shores of Nipon and Tesao. 
Magnetic and limouite ores are not wanting, but the disintegrated sandy 
ore is most used, being better suited tliR,u the massive ores to their 
primitive methods of mauufactnre. Tlieir fuel is charcoal, and it is 
piled, together with the ore, in small quadrangular furnaces about 20 
feet high. Tbo blast is thrown in at the side from double bellows, 
worked by hand, and when sufQcieut ore has been reduced to form a 
bloom an opening is made in the front of the fnrnace, and the mass ia 
pulled out and forged by hand. After several reheatings and forgtngs, 
rough disks of iron are obtained, which are cut up by chisels iuto short 
strips or bars ready for sale. A series of such bars, ranging from one 
to two feet in length, are in the collection. 

There is also a model of the furnace commonly used. It has a aqnare 
base and a pyramidal shaft, with an opening iu front and two tuyere- 
boles on opposite sides. The model is one-twentieth of the size of the 
furnace, and from tbis the dimensions which follow are taken : Base, 10 
feet sqnaro; height, 5 feet 10 inches; stack, 25 feet high. It appears 
to be like the ohl German oven or "stuhl" furnace, in which blooms 
only were made and pig-imn was an accidental product. The bottom 
or hearth is filled with charcoal and ashes, then the stack is similarly 
lineal. A square opening ia left in the back for charging the ore and 
fuel. 

Alwut the year 18C0 an attempt was made to work tlie sand-ore of 
Yesso in a high blast-furnace, built aft«r a European model, by Takeda, 
a tateuteil Japanese engineer, but it was abandoned after an inspection 
and report to the government by the writer and Mr. Pumpelly. Since 
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then, near Yamuksliinai, ou Volcano Bay, small furoaces have bem 
erected for making blooms. The fiiniace ia torn down in front upon ihu 
com[iletion of the process for each charge. The bloom generally Teiglis 
about one-third as much as the charge.* 

magnetic iron-ore of good qnality exists in N^anibn, at the nurtbi-rn 
end of Nipon, and has been successfplly worked by Mr. Ohoaima. 

lu addition to the bar-iron a great many samples of steel were shown. 
The 8t«el is peculiar, and the precise method of its maniifactare ia oot 
known. It is in irregular, spongy, or cellular masses, looking like alig 
or somo meteorites. Although sufficiently brittle to be broken op ioW 
fragments, as desired by purchasers, it is malleable, and may be wroagU 
into bsrs. The quality is excellent. 3ome of these specimens of aieel 
were from the north part of Choiaiu, or near it, and are called " tuothiirat 
bar-steel ;" others are from Bakoni, near Fasi-oo-yama and firom OiaJi. 

168. China. — ^Tlie short and roughly- forged blooms and liarsof itoq 
sent &om the interior of China show that methods of production siDi^ 
lar to those of Japan prevail there. The work of developing the nit 
deposits, both of ore and of coal, which that country ia known to pos- 
sess has not yet commenced on a large scale nnder the direction of for- 
eigners, bat there is a large government establishment at the Fouchov 
marine arsenal, province of Foukien, which was represented in an inte^ 
esting mauner iu the Chinese section. At this establishment the natire 
iron product of Foukien and the surrounding country is worked up into 
merchantable bars and rods. The works are superintended by foroign- 
ers employed by the government, under a commission from Fekin, Proii' 
per Gujal director, assisted by a committee of four mandarins of 
high rank. Some 2,500 Chinese are employed, and there are 130 oiB' 
cers and superintendents. The list icclndes 600 carpenters and marioea. 
800 workmen and apprentices, 500 laborers. 000 soldiers, 130 officers ud 
su peri n ten de u t& 

This establishment sends a very interesting series of its prodocK, 
consisting chiefly of forged bars and rods beut and broken in varloan 
vays to exhibit the quality, and all of which show a high degree of ex- 
cellence. The greater part of the native iron is delivered to the works 
in the 6ha))e of small blooms weighing only four or five pounds. The 
ore, a fine black sand, like old-foshioncd desk-sand, is a mixture of ordi- 
nary quartz river-sand with magnetic iron-sand, aud is obtained by 
washing the river-sand, which sometimes does not yield over 1 J to 2 per 
cent, of ore. Five hundred pounds of ore yield, in their rude funiaoes, 
about one hundred and fifty pounds of impure iron, which, by rvhvatiag 
and forging, is Sually reduced to only eighty-three pounds. >\'lien tbeM 
rough blooms and bars are combined aud forged into commercial bats 
there is a further loss, but a very tough aud tibroiia iron is obtalnMl. 
A very considerablequantilyof old iron from coudemued vessels, wrecks, 
and other sources ia obtained at the sea-port^ aud this is also woriwd 
^^^ * ItlBkistoo. Joamcy in Yesao, Jour, Geog. Soc., lifl% t:l& ^^^^H 
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the arsenal. This oBtablishnieitt has beeu in sacoessful operati( 
October, 18C7, ami appears to be giving not only inipartaiit c( 
i»l resalls but to be educating a great iitimber of tbe Obiuese 
iBtfni inilustria! metbods. 

16a. t^ESTBAL Asia — Tubkestan There are interesting specimeus 

of uative catttiiiKa from Turkestan, made, in part at least, according to 
the catalogue pabliabed by tbe imperial Russian com mission, by melt- 
ing np tlio brokf-D and disused ini|K>rted iron castiugs. Tbe fninacoa 
ue very rude. Tbey liue tbe interior of a cast-iron pot with a layer of 
),v 1^ inches thick and Gil it with charcoal, Ifghted at the bol>- 
A blast is thrown in from a tuyere just above tbe edge of tbe 
•1 and is directett downward toward tbe bottom. Tbe charge of 
iron is piled upon the charcoal in pieces weighing from twenty to 
pounds. Charcoal and more iron are added, as needed, until the 
is filled with molten iron. Tbe slags and scoria being skimmed off, 
iron is dipped out and the castings are made in moist sand. Tbe 
it is obtained from two leather sacks fitti'il with valves antl work* 
liaud, so as to give a nearly continuous blast. 
BRITISin ESDIA. 

ft70. Tbe iron and steel prodncts of British India are shown in the 

plan collection, where we flud a great variety of iron-ores and coals, 

e variety of the latter giving a very superior coke well adapted to tbe 

production of iron. Large blocks of magnetic, specular, and hematite 

ores bear witness to tbe wealth of India in tbe raw material, while tbe 

DiitiDtiTe bars and hand-made blooms show that tbe industry of iron 

t uot made progress generally beyond tbe primitive methods, 

lirough tbe labors of Dr. Uldham and his assistants of tbe geological 

rvey of India, the great resources of that country in ores of iron have 

pi) made known. Superior magnetic ore exists in mountain masses 

r Salem and other places. Three separate attempts have been made 

»tablish the manufacture of iron in India on a large scale, and cou- 

Berable British capital, aided by the government, has been invested 

re, but up to this time without adequate success. Kothing has been 

ipe in this direction for several years, but renewed attention is being 

ben to the subject, and Mr. Bauerman, a mining engineer, has been 

ht out from England to examine and report upon the mines, with a 

pw t4) the erection of iron works on a large scale. One of the groat 

diflleulties want of proper fuel — has been removed by the discovery of 

a bed of goml coking coal. The India coals belong not to the Carbouif- 

urous but to the Triassic series, aud are allied, iu tbeir nature and age, 

e of China. 

%6 native production of iron is confined to the ^Hwror classes. Thi 

I plow points, spades, &c., but for wagon-tires they prefer foret; 

The method of working was clearly shown by a very interesting 

lei of a native iron furnace and its surroundings, showing the whole 

ntion of smelting, forging, and reheating. Tbe ore is broken up by 
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hand iutoeniaUgT'i'nSi&n^l is charged into a low, bos-like faruaec,Btwt 
four feet high aud three feet aud a half broad, with a large opeuiagU 
the base in front. On each end there is a bos four feet by two to bold 
ore and fuel. 

The blaat ia supplied by bellows made of sheep or goat Bkiu, worked 
by two women, and the bloom, when pulled out of the fiirnaoe, ia ohoppfd 
up by men with heavy hatchet shaped hammers. The pieces are re- 
heated aud forged out. Abouttwelve hours are required ro each charpe 
aod the product is about oiie-third iu weight of the ore chargei). Tlw 
ore is added at the top in layer;) with charcoal. 

The reheatiog furnace is also very simple aud primitive in il« eoD- 
struction, being a bos or oven about 6 feet long and i feet high, bniU 
over the blooms upon the ground. The blast is thrown in at the sMe. 

According to Dr. Oldham, iu the memoirs. • also on exhibition, te 
native fnrnaces range in height 3 to 5 feet, with an interior diameter tf 
from 9 i nches to 1 font. They stand about 2 feet wide upon the gtoaai. 
and taper upward, the back part more than the front. They are made 
of red clay, mixed with sand. The linings of clay last oply tbreeor 
four days. An escavation about a foot in depth is ma^le for a fadsrtli 
for the bloom. The opening in front is from 12 to 14 inches high, uul 
la closed up during the operation. The blaat is obtained by haod-powtf 
from skin-bellows, and the tuyeres are made of bitmboo or abeeMroo 
covered with clay. A strong heat, varying iu duration from two and 
one-half to four hours, ia sufficient to give a bloom. An o[)euiugi8 then 
made in front, the bloom is drawn out, and while hot is cut into two 
parts by as-like sledges. The usual charge is about eighteen ponnite of 
ore, and the average product, with four men at each fnrnace, Is tkrw 
blooms in twelve hours. Such blooms are reheated several times, and 
hammered aud worked into rude bars abont one foot long and two 
inches wide. Wootz or Indian steel is prepared from such bars-f In 
I860, a tas amonnting to Rs. 1210-12-7 was raised on 775 such furuaOM, 
while in 18.59, 928 furnaces yielded Bs. 1451-1-7. 

171. Wootz or Indian steel.— Of equal, if not greater, interest, it* 




Fig. r«. 
Hprie.'i of specimens of the famous " wootz" or Indian steel. It is erow- 
ble steel, made in smiill quantitios, and from carefully-selected mattiriali 

'MeuioirxGuoloKical Survtij iif Juiliit, fv, 15G, 

tSee an acooDiit b; Mr. He^tli, Jaur. Uojr. AaialJo Soc,, v. 
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The bidrII clay uracibles, or pote, not over 4 inches high, are sliomi, to- 
other with the "iHittoii" as it remains iu the crucible after cooling. 
The contents, after llie fnsioii, are not poured oat into a mold, but re- ' 
main audistnrbed in the bottom of the vessel. These buttons iveigh 
only a few ounces, and are interesting from the peculiar crystal] ization 
wbieh forms in the mass, and shows distinctly by fine raised radial 
Does on the surface^ 

BtTTTON OF wooTZ. — These buttons are malleable, and some are 
shown forged ont into small square bars ready for marl<et. Care is 
taken to leave traces of the crystalline markings at one end of the bar. 
They have every appearance of hoiuogenoity, but a sample submitted 
to tests gives evidence of a different condition. The bar presented to 
nel>ytlietiommisBioner8(No. 131 of Indian catalogue) has, at my request, 
bran forged or drawn out at the Griswold Bessemer Steel Works, in 
Troy, and under the supervision of Mr. A. L. Holley, who reports it 
dMv well at a low Bessemer heat, and when annealed broke ofi' short, 
when cold, and would not bend at all on three trials. Fracture fine. 
•'The ingot is apparently full of cinder, and ishence shaky and seamy." 
A piece drawn to a cold chisel, and tempsred as usual, did not stand 
■well. The esperimunts were carefully made, and the steel was not 
overheated. Evidently the ordinary treatment does not answer for this 
Kt«el. The radial crystallization of the button is evidence of a difl'er- 
ence of comimsitioii witliin the mass, one portion beiug apparently more 
fnBiblfl than the other. When drawn out this gives the effect of iu- 
daded " cinder." 

172. IroN'OKES op India. — There are vast deposits of iron-ore in 
Northern India, near Kiimarm and on Serbudda River, and tbey are 
(lenerally distributed over Xortbern India, but usually far from suitable 
ftiel, even from forests. The^e ores are the magnetic and hematite, 
(Kpeonlar.) Of the Salem iron region, " Kuujamullay " Otdhani (iv, 
157,) says they are close to railway linos, in gneissic rocks, forming a 
moinitain. There are tliree principal beds of magnetic iron-ore, besides 
two others that crop to a limited extent. The two lower beds form cou- 
spicuoiiH outcrops, and average say 50 feet in thickness, each. There 
arc vaat quantities of d^{/m all about the mountain extending for one 
or two miles. The yield of the I'orto Novo Company's furnace, at Bey- 
poor, was about 55 per cent, of pig-irou, requiring 13^ tons of coal for 
each ton of pig-iron oblaiued. 

Ttinii COAL. — There is only one good coking coal known in India at 
present. It is from Sanktoria colliery, Riinigunj coal Held, Lower Ben- 
gal, and gives fmm 7-1 to 7fi per cent, of good coke, a large s|)ecimen of 
which, nearly two feet long, is shown with the other minerals of India. 
Tbi» field is considered to be the chief coalfield of India, and is pnilt- 
aUly Lower Oolite or Triassic in age. There are many iliffereut bi'ds, 
aud it is singular that some of them do not give a coking coal. The 
WOdncUon (1S73) is now uearly i8i,Gl'2 tons anouatly, and it is increns- 
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ing. The mines are all worked with uncovered lamps. No Carbonifer- 
oas coal is known in India, bat it is supposed that there may be some 
in Barmah. 

New Zealand. — The New Zealand court of the Exhibition contained 
a variety of specimens of magnetic, specular, and limonite ores, sent bj 
the Colonial Museum. Among these the following may be noted: 
Magnetic iron-ore from Dun Mountain, Nelson, forming a vein 16 iuches 
thick in serpentinous strata, also from Otago in mica schists. Specular 
ore (hematite) from the same localities, in regular veins in greenstone, 
(at Dun Mountain,) and in a 6-foot vein at Shotover, Otago. The black- 
iron sand from the beach at Taranaki was also represented, together 
with blooms and ingots, and bars of titanic steel and of workable stedL 
The ingot is a spongy, porous mass internally, but is compact at tbe 
surface and edges. The bar of crude titanic steel is 16 by 1} by ) 
inches. 

The Ilfracombe Iron Company exhibited a bell of fine tone, cast from 
the steel made by the company. 
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16 Austrian Bection contains examples of saccessfiil forging of 
olijecU of large size in iron and steel, by Mr. Haswell, engineer 
Imperial State Railway Works, at Vienna. The objects shown 
iflyasle-box frames, crosa-lieadfl for locomotive pistons, link-bars, 
have been sliced longitudinally and tken etched with acid so 
)velop the grain or fiber and show its flow in the mold and gen- 
iformity to the shape of the object. 

This method of forging, known as " Haswell's system,'' has been 
llby him t« a great degree of perfection, and is used in Vienna 
Beat economy, while it gives results superior to those obtained by 
rfiinary methods. It consists essentially in forcing or pressing 
|r steel, while at a welding heat, into suitable molds by means of 
idraulio press, carrying a follower or " stamp " npon the end of the 
L Both the mold and the stamp are nsed cold. Ingots or bars 
■ similarly forged or drawn down witbont a mold npon an anvil, 
fat giving any blow or shock, as there is of necessity when heavy 
(■bammers are used. 

the courtesy of Mr. naswell I was admitted to the works, and 
theO[>eration of the two (wwerful hydraiitic presses upon both 
and parts of locomotives. 

[small press with an ISiiich piston gives 600 tons pressure, and 
press with a piston 24 inches in diameter gives 1,200 tons 
The pressure in the pumps is 600 atmospheres. 
Bessemer-steel ingot, weighing 2,o;S0 pounds, was forged nuder 
I press, and yielded noiselessly to the pressure as if it had been 
jlt soft cheese. As the pistonheail descends, the metal is forced 
ray, and the pressure visibly extends to the very center of the 
- flhown by the movements of the lines of scale at the sides, 
of the ingot are bulged out at tbe center, and not drawn over 
^nrfaco, as is often the case with hammer-forging, which, com- 
With bydraulic-presB forging, sceme very superficial. Under tuo 



260 



VIENNA INTKRNATIONAX. EXHIBITION, 1«3. 



form of the cross-head ia impressed iuto t)iu upper part, and in Ihe 
lowerfpart, b, tbe form of the rest of the cross-head is made by llie eoai- 
oal^sidti pieces c c. The.se pieces are so uiade as to permit of their re- 
moval from the mold with the cross-head. The disk / determioes the 
height of the shoulder for the pistoQ-ro<l, and can be made thicker or 
thiDiier as desired. The disk/, also the aide pieces c c, are pnt iuWUie 
lower mold from above before the parts n and b are pat together. G i» 
the die which is fastened to the head of tbe press, and which closes op 
the mold at k h iis far as thi; ciiuiils p p, (which must be kept open for 



iki_-- 
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press, vertical Mution. 



the exit of the air,) where it meets the prolonged side of the croasbeail. 
The die G couijists of two parte, o g, of which the upper i>art is mad« of 
cast iron, but the lower part must be made of cast steel, on accoant of 
its rapid destruction by buruiug olf. The two bed plates, q '/, limit ll» 
stroke of the press, and couseqiieiitly the thickuesH and height of lb* 
cross-head. The mold rests upon a bcd-platc, o o, (upon the height df 
which depends the length of stroke of tbe press,) and this hed-tdate i» 
placed upon a slide to permit of its being niovc<l to the right or to the 
left from ander the press. After the mold has been placod in the riyht 
position beneath the die, the props are adjusted to koep it in its 
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toce ildriug tbe operation of pressing am\ ttie inside is <;i-eiisi>d to fiicili- 
ate tlie removal of the pressed pieee. 

The iron to be pressed must bo at a atrong welding beat wbou placed 
D tbe mold, and one single pressure tlien produces the cross-bead. To 
tike tbe finished cross-head from tbe mold, there are ou the outside of 
lie upj>er part two strong irou hooks, u u, by which it is fastened t<i the 
lead of tbe press at m m with chains alter the removal of the proi)8. 
ni« side pieces v c, as shown in Fig. 112, st^art from tbe lower mold 



1 




Fio. 112.— HBBweH'H press. 



rbeo the upper mold is drawn up, and are separated from the cross- 
e>d by a gentle strolie of tbe hummer. The lower moUl is then re- 
tDved from beneath tbe press by means of tbe fore- mentioned slide, (see 
^f. Ill,] and the upper mold put upon tbe foundation frame b Ii. which 
Bmefl to stand in place of the former mold. Tbe chains are now re- 
ioved, the die O raised out of tbe mold as shown in figure 112; the 
Ieoe» g g, which fit in tbe mold ou the side of the die at Z, are placed 
1 poHittou against tho t«p of the cross-head, aud then, by a gentle pres- 
ore, tbe llnished cross-bead is forced out of the mold. 
Qeneral remarks. — In tbe manufacture of cross-beads, bed-plates, jour- 
>, and all such parts as ranst be made iu a closed Rpace. tbf 
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press, the whole mass of the iugot is affected. One great advantage'of 
thia method is the »voidaacc of great shocks, utteudant iipou the Q«e of 
ponderous steam -hatiimers. 

170, lu forging iutriuate pieces, the molds are so made that tbej 
cau be taken apart, aud are held diiriDg tho forging by stroug bands. 
The follower, or stamp, is made of oa^it irou. The iuside of the mold ta 
oiled with old grease from rail way- boxes, A lamp of white-hot steel «f 
the proper weight is throwu in ; the stamp descends upoa it and force* 
the metal into every recess aud angle of the mold. Aoy exoMt tt 
metal rises at the sides of the stamp, aud is cat off when cold. 1 
forgings are alike in size and weiglit, and, of course, reqaire mncti \m 
trimming and fitting to bring them into shape for fluishing. Oanis 
required, of course, to get the right quantity of metal, to avoid a defl- 
ciency or an excess. 

The method is successfully applied to the manufacture of car-wheeU, 
tho spokes and parts of the hub being forged in one piece, togetbs 
with the crank-pin. Boiler-heads are made under the press in two 
heats. They are forced through a riug, aud come out very true and per 
feet in form. 

177. The importance of this method of manufacture to the industriei 
of the United States jastifles more than this brief notice, aud ai lit. 
Haswell favored me with an illustrated copy of his descriptive brockuri 
published In German in Vienna, 1 have hud it translated aud ahridsed 
for this report, aud appeud it,* 

iliSUFAOTUKE OF PAETS OP LOCOMOTIVES BY PEKSStJBB. 

By BoBEBT La-vk Haswkll. 

[TrusUtiun.] 

Forging by the action of Haswell's patent hydraulic-prosa, which »M 

for the first time attempted in the machiue-sbops of the Austrian StUH 

Biiilroad Company, in IStil, has since been so materially im proved, tlut 

at the present time there are but few parts of a locomotive which om- 

not be made by this method. 

It may be said that this process is essentially identical with the com- 
mon process of swuging with the steam-hamiuer, but t'O the olort 
observer it is evident that Haswell's system greatly excels, stuoe tit 
pieces made by it are much more perfectly shaped, and by it It is pc» 
sible to press out such pieces or parts which could not be iiammercd out 
with the swage-hammer ; aud further, this process is much more eoonoiF 
leal ; renders it possible to produce those parts of a locuuiotive wIjW 
hitherto have been made of two or more pieces in one piece ; aud lastly 
there is a great saving of time and therefore of money. 

* t'oltricatiuu vuu LDuDiuativ-BnsluDiUboileu iliiroU I*r«i>aBu sysbmi H^uvroU. Vm 
Bnbert Lanu Hii8v.-ul1. Mit a Tafulo. Wion, IrnS. (gispariiC-Abdruak uoi dar ;C*II- 
cchrift dcs u4t«rrabUiscbeD lugeoieui- nnil .\nibiCekUili-ViireiaiM, SIl. a. XV. St^ 
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Method of manufactvre. — Tbe bloom is composed of about 525 poimda 
of scrap-iron, wbicfa, as before, is liarumered out, cut into fonr pieces, and 
beated iu tbe beating-furnace. 



I'CMh 






Fig. 113.— SlitlJng- block and link. 

Id Pig. 115 a riew of tfae moM is given in its position after tbe press- 
ing, but before tbe punching. Itconsists of tbe upper part A,(Figa. 115 
and llC,)whicb rests upon tbe lower part B at tbe point d; of the side- 
pieces u it and /, which give shape to the sUding-block ; and, lastly, of 




FiO. 114.— Fiont of Bliding-block. 



Fio. 114a.— I>oulile slidiDg-lilocks. 



the die C, (Fig. 115.) Tbe side-pieces / and « « are placed in the lower 
mold before the upiier one is placed upon it. The side-piece / is held 
in position by the prop or wedge n, (Fig, 115.) This piece serves in the 
sliapiiig of the piece, but is removed when tbe piece is punched. 

Afterthemoldisputtogether,nsrepresented iu Fig.115, aiidthepropet 
■wedging and propping done, tbe piece of metal to be pressed is pnt in, 
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Fig IIU.— BecUon on be without/ 
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Fig. 116o.— Side view of/. 




Fio. 116J.— Planof/. 
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Fig. 116€. — Stamp or die. 
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Fio. 116/.— Plan of the die. 
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Fio. 116^. — Side view of the puuch. 



Fig. 117. — Top view of puuch. 
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after being IieateJ, as before mentioned. At a single stroke the pinxfl 
pressed. Tlie die C is then raised, the si<le-piex;e / iaremovetl hysio- 
ply knoclving away the prop ?t. The punch P (Figs. 117 and IIS) is 
now placed in the impression already made by tlie die C, and pteuti 
through. The wedges and props are then removed, the upper part tie- 
vated away from the lower, and then let down npoii it again after hr- 
iQg some blocks between the two. The stump Q (Fig. 119) is thto 
placed npon the piece, and a gentle pres^nre frees it from the mold. 
The piece is then sawn in two and finished. By employing two far- 





Fig, lie,— Side view. Fijj. 119.— Stjtn.ii, 

naccB, from twenty to thirty of these sliding-blocks can be mad« in ten 
liotirs. Figores 134 to 138, pKge 273, further illustrate the process. 

182, Cylikdek HEADS. — Thcmanufactureof cylindeF-headsof WTOQ^ 
iroD by pressing is very similar to the forgiug of the same with steam- 
hammers, by swaging, bnt thediffereuce in the expense of maniifactnre 
is very considerable. 
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weight niitil it has a thickness of i{ incbea and a diameter of 17 inches. 
Foar pieces are placed in the heatiiig-farnace at a time. 

The cast-iron mold in which it is pressed is represented in Fig. 120. 
It consists of two parts, A and B, and the stamp C. Fig. 120 shows 
the mold as it appears when tlie cylinder-head is pressed, but not yet 
paocbed. E B represents tlie piece as placed in the mold before press- 
ing. A A is A block of cast steel, which is put iu the bottom of the 
mold so as to give a harder edge, which will better resist when the hole 
is subsequently punched. 

After the cylinder-end is shaped, the die C is raised and tho ring nn, 
Fig. 121 IS laid on thesuifaceof the piece to pre\ent it from splitting; 





tbea the punch, of 2 inches in diameter, is placed in the impression made 
by the die and then pressed through. 

The piece is separated from the mold as in tho cise last described. 

From 20 to 25 of these pieces can be made iu ten hours, with two fur- 
naces, one for the hummer and one for the press. Another mold would, 
of course, double the production, 

183, Locomotive- WHEELS is solid seghests by peessurb. — The 
manufacture of the parts of wheels by the process of pressure euables 
the manufacturer to make segments with two or three spokes ; and this 
process, in point of economy, strength, and beauty of product, has great 
advantages over the ordinary methods. A wheel with ten spokes, when 
made by the common methods, consists of twelve pieces; but when made 
by this process it is composed of but four pieces. We will gire here 
only a description of tbo muiiufacturo of the mo-tt complicated part of 




the wheel ; that is the part with the cruiik-piii, as the other parts are 
made by a simpler repetition of the same ]>rooes». 

The manufacture of the segment of <i ichctl from irroHgltt iron. — The 
bloom is made in the ordinary wiiy, fro:ii scrap-iron, and has a weight of 
250 ponnili. 
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The bloom is forced under a steam-bamiiior (00 cwt.) into a paralleli- 
pipedou 10 incliea long, 11 iiiclies liigb, aud 7 inches wide. While still 
warm it is put into the heating- furuac*", aad whou very hot, U forged 
with the Bteam-hamtner into the form shown in Fig. 122. The pieeeii 
then replaced in the heating- taniace preparatory to pressing. 



1 



PlO. 123.— Tertlool section tliraa£h mold. 




Fig. 124.— Lower mold B. 




The piece is pressed in the cast iron mold, (Figs. i:i3~125.) 
lower mold H. and the die O. 
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le panoh d, which is seen Id the lower mold, is liept in pontion 
brace. The ontline of the die C is like that of the bottom of the 
I, bnt with the addition of the shoulder /, which makes an impres- 




Pro. IST.—Vertical section through prws ami mold. 
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BioD to guide tbe aubscqiieut perforation. The maid atauds uu a bed- 
plate, O, (Fig. 120,) oil which it can elide either tfl the rigbt or left as 
desired, 

When the mold is fi>:ed iu tbe proper position, aud the braces II an 
fixed so as to hold it tbere, aud the mold tliorongbl; greased to facilitate 
tbe removal of tbe form, the piece (Fig, 122) is placed iu the mold, being 
from the beating furnace at a strong weMing-heat. Now follows quicUj- 
the action of tbe press, by which the piece ia shaped as shown in Fig. 
The die c is now raised, and a punch corresponding iu shape to 
tbe piece d iu the lower m^ld is placed upon tbe impression made at 
/. The piece d is then removed by knocking away the brace, and the 
piece is perforated tbua toiming the spokes. By a similar process the 



»r / 



.'»T 



M.g\. , 



I 



hub is formed. The piece is removed from the mold by tbe same gen- 
eral process before described, by raisiugtbe upper part of tlie mold aod 
gently forcing the piece out. 

With two furnaces twenty-four pieces are produced in ten hoatl. 

Tbe expense is from 30 to 35 per cent- of the cost of forging tbe ftame 
under a steam-hammer. 

The makiug of smaller wheels in one solid piece is, of course, only a 
repetition of the process of making segments. The whole wheel is first 
pressed and tbe spokes iudeuted, aud the iuterspiices afterward pnnohed 
out. It may appear that there is a great waste of material in tbe process 
of pressing; but it will not be forgotten that every scrap is again n«ed, 
and therefore no objection of this kind can be urged against this very 
important process. Figs. 11'8-130, inclusive, further illustrate this pro- 
cess. 

184. LocoMOTiVK-rEANKS OF WBOUGHT IRON.— The blooTo made in 
tbe SBme manner is forged into the sbape represented iu Fig. 131, 
It is then reheated iu a fnrnace that will bold three such pieces of from 
340 to 450 i)onnds each. Tbe mold is sbown in Fig. 132. 

The pressing is quite simple. After the mold is braced, the shaped 
and beated piece is put iu and receives tbe pressure. It will be ea-iy to 
see that the iron is forced to flow into the ilie for the formation of th» 
pin, ns also tbe otlier parts of tbe mold. This flow necessarily crenttM a 
fiber which will run parRllel with tbe pin, and will therefore be tbeoroti- 
cally correct. The same will be tbe ease with tbe bwly of Ibe crank 
and ibe shoulder for the axle, since the crank is made considerably 
shorter than tbe mold. After pressing the crank a punch is jtli 
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iodentation at g and pressed tbrongb after removing the piece /from 
ter the mold. 

'wenty cranlis can be prodaced in ten hoars, at from 13 to 14 per 
t. of the cost of cranks turged nnder tlit steam hammer. 




Fio. 139.— Lower die. 



t 



Fig. 130.— View uf liie fruiu bencntb. 
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Fig. 131.— Locomotive- cnnk, Gnt stage. 




Fig. 133.— Vertical section throngfa mold. 




—2S~io"- 
FiG. 133.-Crank. 
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Fig. IM.— Mold for aliding- block plan. 
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Fig. IXi. — Plan of tower part of mold. 
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tio 137 — 'jettiun of mold and die 
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IWhr. 



FlO. 138. — Plau Bhoning part of mold. 



CHAPTER XI. 
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IRON AS A MATERIAL FOR ART-WORK. 

innmtoDs {txAMTLRs IN nra ExniBirioN op tt 
TUMKS ; Iros castings ; Fohgrd railings 
Spain 1 Rcpoussg work. Eiaibo Ssibi.d; I 
Cast-iuon iiKi-HO»rcrioNS of art-oiuects; 

«ANI> ; Ql7.lI.ITV OF THB IROS USISD ; pROPER SI 

1S5. This report wonlil be deficient to a greater degree withoat at 
least A pasFting notice of the wealth of examples tbroiighoQt the Exhibi- 
tioo of the use of iron in artistic maoufactures. We find it in almost 
every Rcction, either cast or wrought, in wire or in burnished 8t«el. la 
the form of cafltJugs, we bare the groups of life-size figures of men and 
animals, the exquisite bas-reliefs and reproductions of mediii^val armor, 
and of the patiently executed rqmutsi work of gifted sculptors, sent by 
tbe Ilseuburg fouudery, in the Qarz. 

For forginga we have only to tarn to the splendid gilded gratings fill- 
ing the spaces between the colnmns of the rotunda ; to the entrance- 
gates of the Jury pavilion ; to the gates and railings iucloaing the house 
aud grounds of the British commission ; to the examples of mediieval 
gates in the British section ; bo gat«s and doriated ornaments iu the Bol- 
ginti and Italian sections ; and, finally, the railings of the Bussiaa court. 
Tbe damascened work of Spain also challenges our admiration, par- 
ticularly the objects shown by Placide Zuloaga, of Eibar, consisting of 
inlaid aud carved iron, damascened caskets 6 inches long, 3 inches wide, 
and 4 inches high, for $250; buttons, shawl-pins, matchboxes, mirror- 
frames, platters, &c. Tbe largest object is a shield of damascened iron, 
valued at $1,200. This indastry appears to bo reviving, and the artist 
liaa established agencies in London. 

For repoiiiiti work, the most notable example is found in the brilliant 
4i8play made by the Elkingtons, of England. Here we find the famous 
Elcbo volunteer challenge shield, presented by Lord Elcho to the volnu- 
teora of Great Britain, to be given over annually to the successful com- 
petitors at the great Wimbledon tournament. The shield is held in 
trnistfor this purpose, and was loaned to the Messrs. Elkington to ex- 
liibit by the trustees. This is the largest work in repoms6 iron ever 
maunfactured in England. It is G feet high, aud iu the medieval style 
of art, from a design by P. Watts, R. A. Iron was selected as the ma- 
terial, because it does not tempt the cupidity of any one, and tbos eu- 
ir JM deatruction. The workmanship, and not the material, con- 
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stitutestlievalne. Theshield, wbich in general has the Norman forra,hu 
a hesagonal centerpiece in the npper portion, bordered with a gihUa. 
at and upon which is the inscription, " The Elcho Uballenge Shield, 
A. D. 1802." A medallion portrait of Her Majesty tbe Queen in mi- 
peuded from this, and occupies a central position. Above and wllWn 
the space inclosed by tbe band there is a group representing Britannii. 
Tbe crown and royal arms occupy the projecting points above soil tt 
the side. TTpon the dexter side there is a representation of Qaeen Gtiu- 
beth reviewing ber troops at Tilbury, and opppaite to it Queen Tietorit 
opening the volunteercompetitiou at Wimbledon byfiring the firstsboL 
There are also representations of the battles of Bannockburn, 1314, and 
of Flodden Field, 1513, whilst at tbe foot two large-sized flgnres typitf 
the close union now existing between the Bngiish and Scotch. Abar- 
der of thistles and roses in high relief completes tbe idea. 

186. Wrought gates and railings. — lu tbe Italian seotioa we 
mention particularly the wroughMrou gat«8 and railings sent bjr Pa» 
quale Frauci, Borne, decorated with bancbes of grapes, grape-vines, Bod 
leaves, even tbe tendrils all wrought with singular fidelity and beauty. 

In the British section, aside from the Elkingtona' work, the principtl 
exhibitor of art iron-work is the Coalbrook Dale Company, Shropshire, 
which makes a specialty of entrance-gates, fencing, verandas, balco- 
nies, railings, fountains, vases, &o. They exhibit two lengths of raihsg 
on either side of the north entrances to the British section, and a grand 
entrance in medimval style, consisting of a pair of wroughtiroo ea. 
trance-gates, two hand-gates, four pillars, and short lengths of railinf 
to match, executed by the company from designs by B. J. Talt>ert, fff, 
The enrichments are of cast iron applied, and the twisted bars are [m- 
dnced by Tuddeuham's patent process. 

Tbe gates, railhigs, gas, pillars, &c., inclosing the house of the TOjll 
British Commission, namely, tbe principal entrance of caat-sbeec tom 
and gates, terminated by two gas-pillars; tbe two lengths imjirond 
cast palisade fence on either side; a length cast-sbeet balcony-roiliBt 
on east side ; tbe west entrance to tbe building, of patent twisted auglA- 
bar fence and gates ; a length of the same fence, of various designs, 4B 
west and north sides ; a length of bracket-railing on east side, witfaiB 
the grounds. 

Yartous coats of arms and trophies in and about tbe bonse of the 
royal British Commission, 

Variona garden-chairs in grounds and park, namely, " Osmunda Be- 
galls," "Water-Plant," "Medii^val," "Midsummer KightV Ureaio,* 
"Nasturtium," " Horse Chestnut," " Medallion." 

Various vases, &u., in grounds and park, namely, " Mtllon," " Ni^ 
and Moruiug," " Classic," " Jardiniere," various flower-stands in groaDA 
and park. 

CA8T-IE0N BEPKODUCTIONS OF ABT-OBJECTS. 

187. ILSBNBBEO FouHDEEV.— The castings from the celel«»led H 
sevherg Foundery are shown in great variety in a special iustallotiaa 
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made of iron in oae of the large baildiugs erevtefl by OerniaQy. Here 
are to be found reiiroductious of uuoieut uraior, sueli as breiist-ptiitea) | 
faelmeta, sliields, sword Laudlos, &&, besides bas-reliefs, caskets, lazzus, 
»u(l smull objects for oruameutal parposea. AH of tboso ohjeots are 
ctuu-Act«nzed by great sharpness of detail, smooth surfaces, and a liiglier 
degree of tiuisli tbau is usually found in iron tiiistiugs. The prices, also, J 
are very moderate. Au Interesting history of the estabiisbment aud a 
technical discussion of the quality of the materials used, a^tpears iu " Bn- 
gjneeriug," and is appended. I 

Count Stalbebo Wejbnioebode's moN-pouNDEBY at Ilsenbekg, 
BaBZ.* — The Ilsenberg Iron- Works are amoug the ohiest iu tieruiAiiy, 
ami the iron-fouiiderythereismostprobablyoueoftheearliestiu the world. 
iu auciout docninei]^ written iu the lifteeutb century pots, plates, balls, 
&c., cast at Ilseuburg, are meatioued; while cast-iron plates, which 
bare been collected on the spot for some time past, afford additional 
etideaoe on this poiut. The director of the Ilseuberg Fouudery, Ober- 
btitt«u, luspeutor Schott, hascolteotod and arrauged these plates iu bis 
official resideuce, and the collection passesses much interest, not only 
from au historical, but also from an artistic poiut of view. All tbeso 
plates have served as stove-plates, and almost all are marked with a 
date, the earliest being that of the year 1509. The subjouts ou the pKtes 
are cbiefly taken froift the history of the Bible, and the uruameuts con* 
H8t of busts, touriiaruents, and allegorical pictures. The latter begin 
witb the couiuienccment of the seventeeutb century. Some of the older 
plates are \'«ry beautiful, and the whole collection proves in the beiit pos- 
sible manner the great perfection and the high position German art must 
have occupiM iu the sixteenth century, how it declined gradually during 
the thirty years' war, and how it tiually died out utterly during the 
eighteenth century. 

If the earlier time shows, however, the most originality — for instance, 
Judith in the tent of Uololornea, surrounded by guns and gabions — the 
iteotgu of the Qgures, dresses, &c., is, nevertheless, so satisfactory from 
an artistiu [>uint of view, that the pattern -makers of that time who had 
aarved the models, some of which are still at the stores of the fouudery, 
most have l)eeu men well skilled iu their art, aud must have attained a 
degree of perfection which has never been since reached. But the sue- 
oess did not rest with the skill shown in the pattern, the motder using 
tlie pattern evideutly participated iu it, otherwise such fine castings 
oonld not have been produced. 

With the decline of skill in making the patterns the taste naturally 
became corrupted, and the molding less and \es» perfect, until eventually 
it lost all artistic value; oven in the beginning of the present century 
tiie art of molding was still in a very primitive state. When the taste 
for artistic design began to revive, the hands, still rough and anskillful, 
vereled to better aud higher-class prodoctioDS, which elevated the taste. 
^^^_ * From " EasiDoetiufi," 167'i. < 
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WbentheapitreciationofeIegaiitform8sha.il have become general, then, 
and only then, we shall have in all branches of industry products equal 
to those of the sixteenth century, and the debased taste, now too com- 
mon, will gradually disappear. 

The necessity of extending art to all departments of industry occurred, 
nearly forty years ago, to Mr. Schott, who was at that time engaged on 
the Brunswick Works, the Carlshiitte, and the Wilhelmshutte, botb 
works being still famed for the excellency of their fonndery produc- 
tions. He is now, and has been for thirty-five years, the manngiDj; 
director of the Ilseuberg Fonndery, and from the first he soaght to aal- 
tivate art in the productions of the works. The results of his exertioot 
in this direction are shown by the exhibits of castings of works of art In 
the German annexe for art and industry at the Vienna Exhibition. 

The Ilsenberg Fonndery exhibits at the Vionua Exhibttion arC-cMb- 
ings, which represent cbiefiy objects of the Koman period, of the UiddlS 
Ages, of the Renaissance pei-iod, and generally of snch well-known 
works produced by master-hands as are most suitable for reprodaction 
in iron. They are worthy of all praise for the clearness of the casting^ 
:i. ' especially for beanty of form. They are not only suitable for deco* 
rative purposes, but they are very instructive- 
It is nufortanately but too true that the want of appreciation hai 
caused numerous works of art to be destroyed. Even in the first half 
of this eeutury it has happened that ancient church -vessels have hew 
sold by the authorilies for the value of the metal for remelting. SacA 
vandalism, however, is now no longer possible, and objects of art an 
sought tor aud carefully preserved. How much art-edncation has pro- 
gressed in this direction has been fully proved by the many colleetioflt 
which have been made during the last few years. With refluementof 
taste increasing demands are made on precision and correctness of exe- 
cution, and public taste has become greatly refined. Imitatiomt sad 
reprodnctions of antique works of art are no longer accepted aa the 
simple copy of the outer forms, but an execution is demanded wbkii 
should exactly represent the original in the smallest detail. 

In conseqnence of the scmpulons exactness with which the old ma* 
ters executed their work, and which did not admit of neglect even in 
the smallest and least important detail, great difficulties are met wttb 
In the reproduction of such works of art — difficulties which arc eiipe- 
eially great in iron castings on account of the impossibility of the part* 
being united by soldering. Bat notwithstanding these disadvanUgec 
the problem has been solved, and that in such a manner that iron CMt- 
tags may be substituted for electrotype productions, combining, im tlutf 
do, greater strength with equal fineness, and, being cheaper, they sboald 
certainly be preferred. These are rasults which have been acbitved 
through continned exertions with the view of cultivating pure art in 
the production of iron castings, and it is very desirable that tbew exeo^ 
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Witli regard to the process of production, it may bo observed that the 
two main poiutsiipoD which the casting of irou depends are tlie moldtng- 
saud and the uietal. About three or fonr hundred jears ago the condi- 
dODS for preparing the saiid required for casting upon the open hearth I 
must have been Iiuowd. It luust eveu then have been recognized that 
the moldiug-sand should allow the penetration of the expanding gases, 
which are produced by the high temperature when the tluid metal ie 
poured into the mohla. Otherwise the line castings already referred 
to could not have been produced. This conditiou of the luoldiug-saud 
was far better understood in this remote period than at a later time, 
when an empiric preparation of the sand was considered to be sufficient, 
and by which means progress in the art of casting was necessarily hin- 
dered. When the question had to be decided as to what was to be done 
to improve the sand, especially for the production of sharp and fine 
CAetitigs, it is probable that a greater degree of fineness was tried. 
Untbrtunutcly this condition of great Eineuess, which is decidedly neces- 
sary for sharpness in the castings, was accompanied by the disadvan- 
tage that the fluid metal, when poured into the mold, did not remain 
undisturbed, but destroyed the work of the molder. The problem was 
to find an explanation for these occnrrences, and an acquaintance with 
tfae principles of the open hearth doubtless led to the conclusion that 
the want of penetrability, produced by the gi-eat fineness of the sand, 
caused this disadvantage. Nature rarely supplies a molding-sand 
which tKissesses both fineness and penetrability, and the general scar- 
ing of such a sand, which induced many important iron-founderies to 
obtain it at great expense from distant places, naturally led to artittcial 
productions being tried. We shall explain next the experiments made 
for producing an artificial molding-sand, and the results obtained. 

188. Molding-sand. — Of the various kinds of molding-aiind at the 
dioposul of the Ilsenberg Fouudery, one is found in the neighborhood, in 
the diluvial formation, this sand conaistiug of a mixture of fat loaui with 
coarse grains of quartz. It is used only for the molding of large pieces, 
and the molds made of it can he employed only after having been dried 
at a high temperatnre. A rather finer variety of this sand serves, when 
mixed with other sand, for larger class castings ; but iu this case, also, 
it is necessary that the prepared parts of the molds should be dried or 
heated in order that by the evaporation of the water there may be pro- 
duced a contraction of the proportion of clay which the sanil contains, 
aad that thns there may be formed tiio minute channels which are nec- 
esaary for the escape of the gases and steam generated at the high tem- 
l»erature of the fiuid iron. 

Id the chalk formation, which fills the largo and, in some places, deep 
basin mUoining the mountains of the Ilarzer district, there are found iu 
the neighborhood of Ilsenberg, upon the chalky marl, stratit of loam 
mixed more or less withgrainsof quartz of different degrees of fineness; 
the i>euetrability, and thus the utility of the moldiug-saud depeudiug J 
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npOD thin admixture. Id a few excepUoiinl places there U foand ft tnold 
iug-sand tlial could iilmo^t be used iu its natural state; tbe qnantitiei 
tbU3 obtained, botcever, are very small, and arp not in proportion witii 
tbe iucroasing demand of Ilseulterg Fouudery. If, therefore, tbo artifi- 
cial preparation of the molding-satid had nut been succej^sfully intro- 
duced, the necessary supply could only have l>oen obtaiued from diiitsnl 
sources at great expense. 

After having recognized the penetrability of the sand for ateam and 
ga9 as the chief characteristic necessary, it became next an important 
matter to determine tbe signs of this required penetrability esistiBg, 
and for this purpose the following process has been adopted : A known 
peculiarity of a sand which allows of a easting being ma^le in it witbont 
the mold being artificially dried, is, that if tbe molder moistens the moU 
with water, the sand possesses the surprising quality of absorbing the 
wat4^r without altering the mold. The molder can thus, when working 
with tbe so-called green sand, employ water according to his reqnir 
meuts, in order to strengthen tbe sharp corners, edges, and ribs of the 
molds, for which purpose water may be dropped upon the lattor by 
means of a brush. The water disappears, and is absorbed withont doing 
any damage to the mold. This quality of the sand has been nited at 
II sen berg in the following manner for determiuiug the penetrability of 
the material. After various mixtures of sand have been prepared, and 
after it has been ascertained that sharp and distinct impressions ean be 
taken with the materials, equal-sized baits or cubes are formed hy com- 
pressing the sand in the hand, and that to snch an extent that a sHglit 
further compression is just possible; this is easily done with a little 
practice, as this manipniation forms an importaut factor in ascertaining 
the quality of the sand for all molders, and determines tbe degree of 
moisture to be given to the molding-sand for casting iu a greeti state. 
Tbe balls of sand thus prepared, and made of uniform size, are then 
weighed, and water is next poured upon them as long as it is absorbed. 
When absorption no longer takes place, and the water appears to remain 
on the surface of the sand, the balls are weighed again. Suppoolng the 
different samples to be wiually good, as far as the power of prodocinf 
sharp impressions (as previously ascertained) is concerned, tbon tbat 
sample which is capable of absorbing the largest amount of water will 
ofi'er the greatest facility for the escape of tbe gases and steam.* 

It was iu l'S44 when, by the kind mcomuiendatiou of Che direotor of 
the Ecole des Mines at Paris, M. Le Play, the Prafesaor GaaltW de 
Chaubri obtained for several professional men admission to some of tbe 

' It Hlioulil 1)0 moutiuiLed here, that, id tixauiiDiug the snrta of sund, eani hu to 1M 
taben that the latter doe« not contniD lime, which is often the com when tlie Mtod b 
foaud to tie on mnrl. nod the greatest careahonid betaken in obtataing it. Tlia 1 
ing of the lime, wliich takes place at the bigh temperature of the iron, forow 1 
bnuii- aoid to Dscape, distnrba tbe fluid iron, and pruvento tbe eiaataan and I* 
of the coaiiDg. It is Vfell to examine the amouat of oarbuoio acid oosl 
saoil before nsing it, \tj ponrlng acid npon it. 
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foonderiea of Paris. Excellent molding-Band vraa to be fonnd there, and | 
the qaalitios wbidi it poasesaed, necessary for the productiou of good I 
castiDgB, could be studied. Tlie experience galued from tlie contioaed I 
casting of bronze works, which ooiild be applied to iron castings, and f 
tfae great advantage possessed by these fonnderies of having to work I 
only for specialties, and of not having, like other founderies, to change I 
Che class of work to be done every day, exercised a grejit intlucnce npon f 
the gradoally improved preparation of the snitable sorts of molding- i 
sand. 

Even in Paris it was impossible to get from natural sources a sand 
that would fulfill all requirements, although remarkably good sand is 
easily obtained there. Only a few districts of England and Germany 
participate in this advantage, and tfae neighborhood of Halle-on-the- • 
Saale and of Walkenrind, iu the HnrzHr Mountains, shonld especially , 
be mentioned in this respect. It thus became necessary, even in Paris, j 
to prepare good and useful saud by artificial mixture. Four different j 
sorts of sand, two of a reddish and two of a grayish-yellow color, were | 
found to be applicable for casting in green sand. A variety of sand I 
similar to the latter was found iu exceptional instances in the neighboiw j 
hood of llsenborg, bat, as mentioned already, it could only be obtaiued 
ill an iusulticient quantity, and not of quite as good quality as tJiat i 
found at Paris. Uomparing the Ilseuburg sand with the samples 
obtained from Paris, it was found that the former wa,s deficient in the ' 
oonteuts of line grains of <)uartz, whence its 'penetrability was not the i 
same as that of the Paris material. 

The treatment above referred to of the sand consisting of a mixture 
of fat loam and coarse grains of quartz, the insnihcient penetrability < 
of which bad to be increased by continued drying or roasting, had 
to be applied also to the fine sand, and it had to be ascertained 
whether the doSciency in the conteuts of graius of (]aartz conld 
not be replaced by the roasting of a part of the denser, sand, which 
was consequently exposed to such a high temi>erature that the 
yellowish-gray color was changed into reii. The mixture of this 
roasted sand with the original yellow-grayish sand iu its natural 
atat«, gave the desired result^ and the roastetl sand was fonnd to be 
a perfect substitute for the grains of quartz in which the natural saud 
waa deficient. In order to make, however, this artificial mixture equal 
to the oatnnil sand, a careful treatment was necessary, and for this pur- 
pose HtampiDg-mills and revolving drums of oval section, containing 
looee balls, were adopted for the powdering and mixing of the sand. 
These drums have a diameter of about 3J feet aud a length of not more 
thaii about four inches, while the speed of rotation is arranged in snoh 
a mauuer that the balls are not so act^'d upon by oeutrifugal force as to 
prevent them from remaining at the bottom of the drnm, or they would 
not exercise the nocossary pre-ssure upon the sand, which is put Into the 
dram through an opeuiug at the side. In order to obtain the required 
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fineness of the saud, the passiog of it tbrotigb Aue-me^tied sieves W 
eoisea neoeasary, aud for this purpose boltiiig-clotb made of sheep's 
wool, and known Id Germany under the number 16, has been foond best 

A flue molding saud applicable for most castings iu gr'eeu sand wu 
thus suceessfully produced, bnt the finer and better sorts of a reddisli 
color, seeu aud fouud at Paris, which possess an extraordtnurily high 
amount of [jeuetrability, and which, moreover, allow of the cleanest and 
Bharpest castings beingmade, were still wauted. It had been enpeciallf 
observed that the castings in this sand, which was even moistened to & 
great esteut, remained unusually undisturbed, and it became, of coarse, 
a natural necessity to possess a molding-sand of equal (luality. 

At first an eudeavor was made to discover snch a sand iu a naturally 
loose state, and it was thought that it might be found in the intermedi- 
ate layers of the colored sandstone formation met with on the outskirti 
of the Harzer Mountains, All the sand, however, that could be foond 
in a loose state in those strata contained too much clay for the reqaired' 
penetrability. Even after roasting it was found to be useless, becftOU 
it had lost all its binding power, and attention was then directed to the 
solid sandstoue, which, when ground, was expected to supply materiftl 
of the necessary quality. The oxperimenta made with these solid atouei 
showed such a great penetrability that the best results could be obtained. 
The experiments with water pointed, fortunately, to a certain class (rf 
stones which had to be rejected for building purposes on account of th«r 
extraordinary hygroscopic qualities; these latter, however, jiutiSed 
great expectations for the molder — expectattous which have now for 
many years been fulfilled. The mixture of the sand obtaiued from tlie 
stone, with the yellowish-gray sorts of saud mcntioued above, has pro- 
duced au exceedingly suitable molding-sand, the molder having it in 
his power, by adding more or less of this ground stone, to vary tlie 
quality of the material in accordance with the requirements of the work 
he has in hand. 

The knowledge of the proper molding-saud required for a given pat- 
tern is the best proof of the ability of a molder, and such a knowledge 
can only be acquired by extended practice and correct advice, which 
latter, however, is unfortunately very often wanting in founderies pro- 
ducing inferior work. The importance of the correct preparatioa of the 
sand is in general little appreciated, and so long as no proper atttiotion 
is paid to the requirements of a good molding-sand, and as long as there 
is wanting a correct understanding of the required penetrability in con- 
nection with a consistence of the material sufficient for the finest impres- 
sions, iron fouuderies will turn out works of art which could not In 
appreciated by eyes which have bad opportunities of getting acquainted 
with more perfect productions. 

From what has been said above, it will be found that the excellence 
of the molding-sand to be used does not dei>end so much apou tbe 
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tare of the argillaceouB and siliceous compoDents. If the obemical 
investigations made in Paris and London tcitli the small parts of mold- 
ing-sand tiiat remaiued at ttiosi; places on tbe castings exhibited by i 
llsenberg bad been ever so carefully performed, they could scarcely j 
bavo led to tbe preparation of a snitiible molding-sand, which depends I 
simply D|)ou the shape and size of tbe added grains of quart^z, and tbe ' 
plastic (jitalities of clay. 

In the course of yeara a special cnstom has often taken root in fonn- 
deries, ill consequence of which most extraordinary results are often pro- 
duood. The practice acquired in the manipulations can go so far, for in- 
stance, that a sand possessing a very small amount of binding power, bat 
a high degree of penetrability, as often found in nature, is nsed with the 
best results. Tlie ahility acquired to produce fine castings in a loose 
sand, which gives way to tbe smallest shaking, which possesses only su 
niQCh consistency as is required to withstand the pouring io of the fluid 
metal, and which combines the advantage that tbe larger quantity of 
grains of qnartz prevents a burning of tbe iron, and produces better 
castings, requiring only little cleaning, is a great gain, which saves 
many expenses incurred by tbe employment of a molding-sand of greater 
binding power. 

189. Quality op the iron Art-castings in iron require for their 

successful production a carefully chosen metal, one which must not only 
possess greater strength than is reqnired for ordinary castings, but one 
which, by its density and fluidity in a molten state, is capable of repro- 
dacingminute forms with sharpness and exactness. In order to obtain 
definite information as to the conditions under which suitable iron is 
produced by the smelting process, the material has, at Ilsenberg, been 
sabjected to careful examination, lioth when io the fluid state and dur- 
ing the progress of setting and cooling; and these investigations, which 
have been carried on for more than thirty years, have resultflrt in the 
discovery of the facts of which we propose now to speak — facts which 
are of high interest in themselves, and which appear to us worthy of the 
most careful attention of metallurgists. Some time ago tbe writer ot 
the present article called attention to tbe appearances which cast iron 
assumes during the fluid state, these appearances varying according to 
the pro|K>rtiou of carbon which the material contains, and even as long 
ago AS 1867 we spoke in this journal (in an article entitled " Tbe Berlin 
Oostiogs," a name formerly generally used for urt-castiuga in iron, but 
now almost abandoned) respecting these appearances. Tlie matter did 
Dott however, at the time receive from scientiflc men the attention it 
undoubtedly deserves, and we therefore propose to return to the sub- 
ject, and discuss it more fully. 

Acconliug to the appearance of the new fracture when broken, pig- 
iron is, and has been for many years, both in this countr>' and abroad, 
detugiintvd by certain numbers, the particular value attached to each 
^uiber varying, however, in different localities. Speaking broadly, 
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No. 1 signifies a coarse-graiued dark-gray iron; Ifos. 2 and 3 nre flner 
grained aud lighter grays; while beyond these come the" mottled' hb4 
"white" pige. In many foumleries io Germany the followiug scale b 
adopted: No. 1, largest-grained, highly graphitic, gray pig (Ooont 
Eiaen;) "No. 2, gray pig (gaarJIussisesEisen;) No. 3, mottled pig (AofNrte 
Eigen ;) No. 4, struugly mottled pig {sf/irk Italbirtee Ei»en :] No. 5, lam- 
ellar pig {diinngrelles Ek&i%;) No. 6, dead-white iron (kockdunues Eiim-^ 
and No. 7, white pig {grellea Eisen.) In this classifioatiou — wliicli «e 
shall adopt hereafter in speal^iug of the appearances of different claaaea 
of molten iron — Nos. 1 aud 2 are varieties of gray iron, Nob. 3 and 4 «( 
mottled iron, and Nos. 5, 6, and 7 of white iron. 

If, DOW, an alteration in the working of the blast furnaee or of the 00- 
pola shows thiit a change has taken place in the quality of the iron, ot 
if it is desired to secure the success of a particular ca.sCiug, the follov- 
ing observations may advantageously be made: Let a sample Ue taken 
from the iron available, and let it be cast in a semi-apherical mold, 
prepared as for an opeu-sand casting, hut lined with fiaely-prepand 
sand, care being taken that the sand is neither too tightly DOr too 
loosely pressed down. For makiug this simple casting, a small UiUe 
and a straight-edge are carefully warmed, and the necessary qoM* 
tjty of iron is then tapped from ttie furnace or cupola into the liidle, Iha 
slag being removed with the heated straightedge. When this hni 
been done the iron is poured as (inickiy as possible into the mold, wUea 
the heated straight-edge is again passed over the iron. Esporienoe 
has shown that when a furnace is working irregularly the variotU 
classes of iron above 8|K>ken of are sometimes to be found ari'auged iinfl 
over the other, according to their specific gravities, and in procuring a 
sample, therefore, care should be taken to procure an average of tha 
whole. The metal having been pouretl as above directed, the folloiring 
observations should be made : 

1. The color of the iron during the casting. 

2. The movements which take place upon thtt surface of the mutol 
immediately aft«r pouring. 

3. The state of the iron during and after its setting. 

For the various classes of iron above enumerated these appearances 
will be as follows: 

No, 1 iron, — This iron has during the casting a reddish-wfaite color, 
and aftwr running it remains unagitated, and has the appearance o( 
a crystallized fat, while it presents a frothy sur^e covered with "kiali.** 
Its fracture when cold is dark-gray, coarse-graine<l, glossy, and v«j 
soft, but when remelted it gets s finer structure, and become suitAlllt 
for being recast in crucibles for the production of art-castings 

Another variety of this iron, during the pouring, hasalighttir color tbaa 
thevartetyof No. 1 previously mentioned, while, when cast, its aur&Mll 

'For tba ilifforonoe beCweea grapUite and 
Ledebnr to tbo Berg and HSltenaiaitiiichtit Zeitan 
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covered with a thick, dim akin, which during the experiment slowly sepa- 
rates in one directioa iii straight lines, showing at the fisstires the bright 
metallic snrface. After these movements have lasted some time, the dim 
akim again entirety uoiCes, while the iron is seen to be still agitated, and 
commences to sliow small projections at those points where the division 
of the skin last occurred. After setting, the iron shows a slightly con- 
TCi surface, which has a smooth glossy appearance, with here and there 
a sparkle of graphite. 

This iron, when cold, has a dark-grey-glosay, fracture, the grains in the 
' latter being the more strongly marked the greater the volume and 
strength ot the casting. This class of material is well sailed for the 
casting of fine works of art, as, when quickly ponred, it fills the molds 
well and perfectly, possessing at the same time a great amount of soft- 
ness. Wben less quickly poured, the separatiou of " kish " gives to the 
casting an objectionable appearance, similar to that of the first-mea- 
tioned variety after setting. 

Ko. 2 iron. — This iron has, during the pouring, a dazzling- white oolorf 
while the dim skin which forms on the surface does not appear to be ao 
thick as in the case of the class of iron last spoken of. As the iron runs 
from the ladle, a tearing-aatinder of this skin and a display of a metal- 
lic glare below is observeti, the surface at first splitting only in one di- 
reotion, but fissures subsequently opening up in various directions, the 
following sketches, k and I, showing the chief figures formed. The fig- 
ure le refers to a charcoal, and figure { to a coke, iron. These figures 
may often he traced even aft<?r the setting of the iron, they being then 
formed by projection on the surface. After the fissures on the snrfaoe 
bare been drawn together again, the iron, which is still agitated be- 
neath, evolves small babbles of gas, which force their way to Ihe sur- 
face, this being especially tlie case toward the middle of the mass. 
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CrfatiLllizntion of Iron. 

With the exception of the points where projentiona mark the llfl 
GssDres in the skin, the surface of this iron, when set, is dim, glossy, i 
aad smooth, aud its appearance is similar to that of rellned metal, this 
being the case even in the fracture, with the exception of a little lightoB I 
color and slightly dehser stracture. This iron is the best for art-1 
castings, as the largest as well as the smallest articles may be safely I 
cast from it, it giving clean and sharply- marked productions, which can 
be well worked on account of their but slight degree of hardoe-ss. If 
also the blast-furnace charges are good, and the varieties naed in the 
cupola well chosen, iron of this class shows great flexibility aud elaor — 
ticity. 
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iVo, 3, or alightlymottleA iron. — This iron Las, wlien ponred, a light or 
■white color, the sliin being similar to that of the No, 1 iron, luit thiooer, 
while at tlie point where the flowiug commeiices a stroiiger uielallic 
luster appears on the broken surllice. Alter the pourioi; has taken 
place, the iron at tirst, like that last mentioned, shows fissures in the 
skin extending iu one direction only ; but this merely IiLStA for a ^ert 
time, a dividing of the lines then taking place, and crnuifortn flMoni 
being formed for charcoal, and star-like tiseures for coke iron. 

This splitting up of the surface into fissnres goes on very rupidly, 
figures oontinnally appearing only to disappear again and maker 
for others, the appearance being altogether a very interesting one, 
whde the backward and forward movement in the material is remark- 
able. After this state of affairs has lasted some time the evolation of 
bubbles of gas commences, the bubbles being more numerous and being 
evolved with greater activity than iu the cases formerly noted. Dorinx 
this period a great agitation of the rnetal occurs, this decreasing grads- 
ally until the iron is "dead," when it begins to set. The sarfaoc in OiiB 
\Q longer rounded, but straight, and is covered with a number 
of. small spheres, which show empty hollow spaces, and adbertvn; 
strongly to the surface, so that they cannot readily be removed. 

The fracture of this iron shows a light color and slightly glos^^in^ 
face, and is no longer strongly grained. The material is still snitable 
for art-castings, but the objects cast from it should not have thin plsfiU) 
as they could not be worked upon, and would require previous auoeal- 
ing. On a<«:ouut of its great density, however, this iron is well suited 
for costings which have to be bored or tnrned, and particularly for those 
on which polished surfaces have to be got up. The problem is to 
produce an iron of this bind with the peouliarity of not being iuclioe^ 
to chill ; but tliis can be done by care in charging the furnaces. 

JVo. 4, »trongly-moUleii iron. — If the iron is strongly mottled — approacb- 
ing in character to No. 5 — it shows, when poured, a brighter appe8^ 
auce and higher metallic luster than that last described. The fiasnie* 
formed in the surface-skin are similar to those of Ko. 3, but the ftgnns 
formed are smaller, and the changes take place more rapidly, so thati 
certain amount of practice is required to enable appearances to be flssl 
by the eye. The tbnuatton of the gas-bubbles also is more distinot, ud 
their evolution commences at au earlier stage. 

The settiug of the iron takes place under conditions similar to thM 
last described, but the surface becomes covered with numerous tetvtt 
covering larger or smaller concavities in the surface of the iron, nocont 
iog to whether the leaves have been formed by the corabiuatioa rf 
several bubbles, or by the adhesion of single one^s. The 8i 
straight, and the fracture has a tight, Sne-graiued apj 
iron cannot be used for tineart objects, but it may 
larger articles, which i>03ses a certain degree of streof 

JV'tf. 5, or lamellar irott. — When poured, this iron (" 
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irded as n white pig) rLowb a light brilliant color, while the 
TbicU accompanies the breaking of the skin ia greater than in 
ielies previously noted. After pouring, a to-audlVo movement 
fluid metal takes place, but this only lasts a short time, being 
il by the formation of stellated figures, which change rapidly, 
licU are like those sketched above. In this metal the figures 
dler in size than those produced by the classes of irou already 
of, while the bubbles of gas are more ftequent, aud of larger 
er. These bubbles unite to form the large leaves whieh, being 

cool more quickly than the mass of metal below, thus giving 
face the pecnliar ap[)earance of a red-hot mass of irou covered 
trk spots, this beingespecially the case around the circumference, 
the cooling takes place earlier. This appearance is not much 
I founderies for fine work, as it signifies an iron suitable for heavy 
8 only, bub especially applicable to some parts of machinery. 
£tnre of this iron ia lighter than that of the earlier numbers, and 
a fin© whjt« patches, and a very dense grain. 
i, Of " dead-white^' iron. — The couditions just described are to be 
also, to a great extent, in the case of "dead-white" iron; but the 
ion of the figures is in this case still more rapid, and the fluidity 
iron is of less duration. The size and quantity of the gas-bab- 
e also considerably increased, as is also the appearance of the 
>otft already referred to. The surface, too, when set, is no longer 
t, but slightly concave, while, after the opening of the leaves 
ed by the bubbles of gas, deep holes are seen. The difference 
two classes of iron consists in the latter having not only deep, 
m flat holes, the existence of these proving the iron to be of a 
class than the other. The fracture of this metal shows a mixture 
t« and gray iron, this variety marking the transition to white 
:«perly so called. If the proportion of grey and white is almut 
the metid is known on the Continent as " Forellen" iron. Such 
no longer suitable for fine castings, but if produced by a well- 
d cbargiug of the furnace, it possesses a very close structure and 
treugth. This iron is especially suitable for casting large rolls, 
gain iu strength through their cooling very slowly, and which 
I subsequently turned. It is also suitable for the production 
led castings, of which samples are exhibited at Vienna by the 
lerger Gewerkschaft, of Styria. 

J, white iron, — The form of this iron iu section wUeu cold ia con- 
When poured, this iron baa a while color, but this very soon 
!fl to red, while the metallic luster in very strong. The splitting 
oing up of the skin does not ta.st long, but soon makes room for 

ttUou of large gas-bubbles, which may be observed violently 
" ! mass. These bubbles hurst, and the discharge of goa 
I such force that fine particles of burning iron are 
The surface nest begins to sink, and soon 
Bpread likv a shadow over the surface 
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of the Still red-hot maas, from the circumference tovard tbe ceut«f. 
FiDntl; this skin becoiues lighter aod iieelsolf, Btiowiugaaamberof the 
shallow cavities described above. The Iracture of this iron is white, 
and the metal is too hard to allow of its lieiog worked. 

The charact«ri8tic appearances of the various sorts of iron dep«id npon 
and are intimately connected witli the proportions of siliciiim, mangit- 
cese, phosphorus, sulphur, &a., which the irou coutaius. If, for iustanoe, 
in an otherwise uormiil state of the iron, the contents of snlplmr in tha 
latter is jiroportionately large, the so-called "Eriinnen," with the leaving 
behiud of flat holes, may be observed. The shape of the figures doe ts 
the fissures in the skin is also altered if an addition of zinc, cop{ter, &c^ 
is made, and, for instance, the addition of tin causes these figures to a\tei 
their shape entirely, and gives rise to beautiful formations. It is ofUo 
surprising how, for similar reasons, tbe iron, which, at the heginmng of 
the observations described in our former article, showed a distinct ctuir- 
acteristic, alters in its appearance suddenly and unexpectedly. 

The formalioL of distinct figures by the division of the sarfacsd^te 
was formerly attributed chieSy to the iudination of the iron towards 
crystallization, but a closer knowledge of the composition of the iron 
has shown that the generation of gas dependent on this compositioo, 
and accelemted and acting through the presence of the osygeii of tb« 
air mixed with the metal by the act of pouring out, must exeroiseao 
influence upon the formation; this geueratiou of gas being proved b; 
the bubbles that rise and escape. 

The question now is, whether conclusions cannot be drawn beforehand 
from these observations respecting the composition of the irou, aaA 
whether a preliminary determination of tbe contents of sulphur, phofr 
phoms, carbon, manganese, &c,, cannot approximately be matte. How 
important these observations would be for the industry of iron if, as hM 
not so far been the case, they could be connected with chemical aualf- 
sis, and how much more instructive would they be if microscopic ioV6fr 
tigations of the crystalliue formation could be added. The latter inve8> 
Eigatious certainly deserve more thorough study than they have hitherto 
received, a neglect which can only be explained by the diffloulty of the 
observations, the lens necessarily having to be placed close totbesur&ce 
of the iron that is nnder examination, and it thns being impossible to 
obtain a large field of view, a few particles only being in the ri^ 
focus. 

Long and continued study and practical observation have made Uw 
present writer acquainted with the treatment of irou in the foundery, aitd 
he is thus in the position to state briefly a few rules which may be DM' 
fnl for determining the suitable sort of iron for special classes of flrtf 
castings. The following statements ar^ therefore laid before the puttSt, 
with the request of an indulgent and unprejudiced Judgmeut- 

lu iron bars, which show after the setting hollow interual spaces, 
(such as must necessarily be produced iti consequcoce of the seUlof 
growing from out to inside, if nothing is done for their preveutioa,) 
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tbvTv are to Iw found iu these hollow 8i>i»«es outahedral crystals more «r I 
low bOHiitif'Klly forme<1 accordhig to the Hegrtie of fliiiility of th<- iron. I 
How, notwithstaiKlitig the exact reseinblaiica of the futidHtrieiitai shape I 
of tlie crystiii, it will be foiiiii), if the vjirious samiile^ of iron are com- ■ 
pAred with e»ch other in this reapeiiC, that one difference m;iy be ol>- I 
served, namely, the different pro[)iirtimis between tongitudiual and cross n 
axes of tile orystnls. Th^ more beimtifiilly the crystals are shaped, the 
more clearly is this iliffereinw of proportion ohservalile. Very [arge 
fbrinttions of crystals are often to be seen iu the more capacious cavities 
of Inrp; casiings, but these are seldom of stich puro and delicate forms 
m those to ba found in smaller cavities. If they are cumpletely formed 
Ili»y resemble small lir-trees, as outabedral needles at certain distances, J 
teniinfrHlsoanoctaliedrul-likes[iace-,and will be found to have arranged I 
them selves aroond a central axis. I 

By the aid of a [wwerful leus a similar appearance is to be found in % 
the surfaces of fractures of iron which are mure minutely examined, 
whilst even a smaller magnifying power shows the triaagnlar surfaces 
of the crystals and their proportiunatuly drfTerent longitudinal axes. J 

Tht; aauie claas of crystals is to be found in a|l kimls of iron and steel, I 
Mtd the similarity is often so great that the assertion might almost be I 
nisid« that cast iron is uothingr else but a eouipuund of bar-iron crystals I 
and gr»t>hile, and that the (tnality of the casC iron depends upon the ■ 
proportion and chantct^r of t)ie mixture of these components. 

Such au opportunity as is at present given at the Vienna Exhibition 
tbr the study and comparison of varioas sorts of iron is very seldom 
offered, and never again [lerhaps will sneh a perfect series of samples 
of Iron and steel from all parts of the world be found collected to- 
|[«ther ax at present at Vienna. Examining now these various sorts 
of iron, it will lie acknowledged that to prodnce a certaiu class of cast- 
ings, the pig iron forming the charges of the cnpola or meltingfnruaco 
■btmld iiv selected and examined with the same care as the ores for the 
charges of a blast-funiace ; but while iu the latter case the nature and 
qnality of the ores to be used are thoroughly investigated before being 
M into the furnace, the iron for the cupola is bnt tito generally exam* | 
Ined only slightly and siifierncially, and a microscopic examination, | 
whieb would offtr some reliabl« data, is seldom resortwl to. Instead of , 
llufl, however, the <|uality of the iron is estimated fi-om the plaeo of Iw 
pmdnctioo, and if the uature of a certain brand of iron, supplied by 
kuowii irOD-woiks, 1ms once been ascertains), it is generally taken for 
granted that all further supplies from the same works will have the 
same (|ualittes. Where, however, (as is generally the case,) the rliargea 
of the hlitst furnace are uot always the same, the Iron proiluced should 
be chemically, or at k-nst microscopically, examined before being UMd 
in the cupola for the prodnction of casiings of a given (jnality. 

This mutt«r, which is of sncti great im|H>rtance, has hitherto been u I 

liltl« or so seklom car«d for, that the present writer desires to direot j 

esfMclal attention to bis ownexjieHmental observations^ iutlwho^^taCj 
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olber proressiouiil men will also take some interest in tbe duT<'Iopaieat 
of tbis important subject. Tbe imporlBOce of this matter for tbt whole 
of tbe iron and 8t*el industry will be distinctly seen in tbe divernitj of 
tbe conditions of tbe various sorts of Bessemer pig »fter the chtingea in 
the different stages of the Bessemer process, and a comparison of tliv 
processes brought, at the Vienna Eshibiliou, before the public is highl; 
interesting. 

\Yhile, for instance, tbe gray Swedish Bessemer pig changes ani^ 
the slightest treatment rjuickly at first into spiegeleiseo, tbe Beaaemer 
metal exhibited in the various stages of treatment by Oukhowo, Got- 
ernment Ekateriiiosban, (Russia,) shows, even in the higher etageoof 
the Bessemer process, still some graphite. Wttb respect to tbe fouuderj, 
the iron containing carbon in « fixed state cannot be cast well, (the ap- 
pearance of tbe malleable cast iron should be considered,) nor does it 
allow of any working treatment, and is thus not so good as that (aecoid- 
ing t« the opinion expressed above) consisting of a mixture of wroaght- 
ii'on crystals and graphite; it in therefore of great iuiiK>rtanc« for tbe 
foundery that a pig-iron should be used which has not tbe <]nHlitiea of 
the Swedish iron, but that of the iron exhibited by Ockhowo. 

It has to be considered that the iron, having become fluid ia tb« 
higher tem[ieratnrea of the ordinary cupola, has to pass in it« desoeol 
through the current of air still saturated with oxygen, that it is subjected 
to an alteration similar to the fining process, and that it will become 
white and hard if tbe formation of graphite has not been reoonstitated 
by the abundance of carbon. In connection with this matter we may 
meutioD the cupoln-furuace invented by Herr Krigar, of Hanover, tbi« 
furnace being constructed so that the molten iron ia withdrawn fnw 
contact with tbe coke and blast, the hearth for receiving the iron being 
to one side of the furnace and not directly below tbe crucible as usoaL 
Wben this furnace has been correctly put up, its use has always beeo 
attended with an economy of coke; but this is not its only advaiitAgf. 
A leading feature is the decrease of tbe dunger of producing white lUid 
hanl iron. Hence in a furnace on Krigar's system, a larger percentage 
of coke-iron may be added to cbarcoal-iron without producing a while 
metal than is po-silile under ordinary circumstances. In factin Erigar'a 
furnace a suitable metal for t^'tciistings may be obtained by the OMOf 
eoke-irou, although, of course, charcoal-iron is always to be preferred. 

lu support of the opinion that no iron having an iuclioati^u to get 
white should be applied for art-eastings, we may refer to the line iroo 
castings exhibited by Itastorgonieff, of the Usines de Kiscbllm, near 
Perm, in the Ural, (Russia,} which have been produced by previously 
submitting tbe iron useil for them to a trial in open 8and-mold«, wbtB 
it was first determined that the iron would not get white, Imt vooU 
remain gray ; if this was not the case it was not used. 

It is farther certainly erroneous to suppose that a large percentag* of 
phosphorus, which tends to make iron become white, is e»|w«iaUj 
advantageous for art-castings, and this opinion is only correct lu ao &r 
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n the normal working of a blast-riiriinuetisiu^ tiuiouitt> ores prodoceH 
riron fre« from "kisli" or iron froth, and wUicli U of a very fiaid 
BDre, penetrating sharply into every form, although it is hard aw 
kessesthe necpssary Htrengtb. 
iSiis quality and that of other sorts of iroii (!orresi)ond.s exactly wjtl 
ur point of fusion, and many occurrences, often of considerable disad 
■tage, depend upon it; among the most disadvantiiKeous is,' how- 
W, that of the so-called burning (Anbrandea) which shows itself by 
Kb or file- like surfaces, which take away from the castings all fineness 

■ exactness, and make them look imperfect and almost useless. A 
Mr examination shows that these rough surfaces have been produced 
ntieaccnmulation of small projections, which partly cover the casting. 
H with a certain thickness. This appearance is entirely indcjiendei 
Rhe molder's work, and if the latter has been esecuted ascarufully 
Utile, and the best casting might have been expected, the siirft 
E nevertheless, covered with projections and grains. The 

■ can, therefore, only be in the quality of the iron. It has been eO' 
Brored to ascertain the reason for this chemically, and it is said 
ie been discovered that the projections forming the rough surfi 
lespeoial compounds of iron and other bodies. This, as will be 
nafter, is correct; but it alone does not explain the mechanical pi 
■es that take place in connection with it. Our own opinion on tl 
Rter is as follows: 

Die iron in a duid state will be no homogeneous body, but a com| 
Em of varions compounds betweeu irou aud phosphorus, iron a.at 
t>har, iron and manganese, irou aad carbon, irou and silicium, 
Hi compound has, however, a certain point of fusion, the one lover 
B the other, Now if mixtures which differ much with respect to 
fc point of fnsjou form the irou, one portion of the latter will set 
Be the other portiou remains in a linid state, this latt^sr part being 
■ibd by the coutracttun of the former {mrtion through the pores, wliicb J 
Mtill open during the red-hot state of this portion of the Iron, and in I 

■ manner the so called burning or *'v4n&rand*' is producetL ^ 
Hter having recognized this cause, it became posaiblc to produce 
Kier sort of iron by other charges. The writer is able to show ex- 
Bea of iron upon which are to be seen small balls of the size of pea*, 
pppB C go e Dce of the great difference betweeu the points of fusion of 
Itrent parts of the metal. Many other similar occurreuce« might b« 
■ftined in the same manner.' 

fcrnfiwiiir Qruner, iu hia article oa aMel, Anoalas dsa Hidm, kIi, vi imtta, 4 llir. 
F>an "t'rum tbase rmatu (varioiu kn^ywa of pig-iron) It will be txa that In 
^hrtotiM of gray pig-irtni rfcb id nunganaM the Mliciam ii tiio«tljr cooiWiuid trltk 
Plwi)(|iiMM9." Furtlier: "Tbe •QaJjaes thaw (hM Um varletla uf xraj plg-lroo 

■ often oontain more thso 10 per wot. of foreitCD bmliea, uul tli^i tlittr Bamb«r 
j^ba T«i7 ounaidorBble, &j:, ; otbd tbe white w>rte of iron prwliiotot (nun •(tlegelel- 
Mbiob M« kckuoiitedged >■ bekug T017 para, luiTe, in raAlitjr, « *erji 
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100. A oonsiileratioQ of tbc facts above stated bLoning tliat it Ifttle- 
sirable to piwseas some simple mode of determining tlie relative itoiuU 
of fuaioD of different cinsse.'j of iron, Mr. Sohott, the director of tiie 
celebrated Ilsenbery Foiindery, some years ago devised the following 
method, which, alchoumh of course only capable of afiordiiig a|iproxi- 
mate resnlts. he has found answer well in practice. 

An iron veH»e1, weighing about 2a kilograms, is filled to a certtiia 
height with wHter, so tb»t it contains exactly 48 kilograms. When 
fluid iron is [>oiired iu, the temperature of the water will incnuue In 
proportion to the temperature and the volume of the iron ; and tbisiti- 
urense of t«mperittare is tbeu applied for determining tt(e relative pointa 
of fusion of the various sorts of iron in the following maoDer : 

After having measured the temperature of the water, a portion ot 
lluitl iron, as taken from the blast-furnace or the cnpola, is pourLHi tDld 
it as quickly as possible. The water is then stirred, when the tejnpen- 
ture is again observed. The water is uow cnrofully tapped off, and (he 
iron is taken out, dried, and weighed. The weight is thus ohtftined 
which at a certain temperature produced the observed iuci-easo of th( 
temperature of the 48 kilograms of wat«r. Various degrees of bent 
will produce various differences of temperature, hut as it is not alwajs 
possible to use equally large quantities of iron, while the resnlts arein 
proportion to th^so quantities, the following formula has been found In 
give the relative weight for a certain degree of heat of the iron: 

Let the quantities of water used in two experiments, carried out in 
the way above described, be represented by W and w respectively, anil 
letulso I and i be the correspoading quantities of iron used; T»Ditl 
the differences of temperature produced iu the water, and H and 4 tlie 
quantities of heat imparted to the latter per unit of weight of the hoo. 
Then evidently 

_VVT wt 
I""T" 
But the quantity of water is constant, or W=ir, therefoi-e 

whence ir. follows that, if we give the result, H, obtained, in any onS 

iOBtauco a certain standard value, the corresponding value of k, derivr<1 

from another experiment, will be given by the simple formula: 

. H X ( X I 

'' = ^i^rr- 

It is evident that El and h, instead of being expressed in poifl 
greee of heat given out per unit of weight of iron, may, for pracllca 
purposes, be more convoniently expressed by the degrees of terapei*- 
ture representing the respective melting points, a^ this is really wti*t 
i8<}oneatll8euberg,tlje temperature of l,200degreeaICeauniur (2, 732d«i!- I 
Fahr.) being taken ua the standard value, while differences of teiDl'Wj- 
ture of 370 degrees Keaumur (864j deg. Falir.) have been fonp^ 
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6 noted that this mode of estimating relative melting points takes 
tcconnt of the latent heat set free during the solidifying of the iron, 
regards all the heat imparted to the water as if it were merely dae 
be sensible heat abstracted from the iron daring its cooling down 
Q the melting point. No doubt this fact introduces an error, while 
iT errors may be induced by the want of care in pouring the iron 
• the water just before setting; but these errors do not affect the 
le of the system as a rough-and-ready practical method of ascer^ 
ing the relative fusion points of different samples, and, as we have 
I, it has been found effective and useful at the Ilseuberg foundery. 
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BOWING SEVERAL MARKS OF SWEDISH IRONS.* 



%) 



Name of works. 



Post-office. 



Annual 

production 

in tons. 



Principal ores. 



I'SOVIN'CE OF NOKRBOTTBN. 




rUOVIXCE OF WESTKRHOTTEN. 



Uornefors ! Umnea 



Olitfsfors ! Nordinalinf( 

I 

i 



1,100 



300 



Robertsfors ! AnAden 



S&fvare Umnea 



From middle of Swetton. 



Id. 



600 I Id. 
180 



PROVINCE OF WRATEU NORLAND. 



ro.j 



BJ5rk& ... 
Forsse — 
Graninge . 

SoUefteft.. 

Galtstrdm 

Gideft 



G&hli\j5. 



I^jicdo 



Matfors. 



Nyland 

1 

{■Xjiand 

I 
Sundsvall 

Oruskdldsvik . 



Nyland 



Sundswall 



Id 



Norafurs Id 



Sorfors, etc . 



Id 



Torpshammar j Id 



W(>8ttaD& Ileru&Mud 



Aviken 



Snndswall 



150 
1,400 

380 
350 
170 
175 
200 
175 

COO 



S30 
340 
130 



From Lenabetj;, Xorberje, 
and Utd.; 

Id. 



From Utf6, BlsplMT;;. qXv. 



From LenaberK. Noi b«'r;r, 
and Utd. 

From Stochonstroiii, UtA, 
etc 



FromSuf 



From Roslaf?. 



Reprinted from the Report on Iron and Steel at PHris, U67, by A. S. Hewitt 
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Mark. 



Name of works. 



---I 



i I Anoaal 

I I 

j PoMt-ofBre. I prodociioo 

Id tonn. 



I 



PriDcipal ores. 



rSOVINCB OP GEFLEBOCa 




9 Bo E 



Anderefora ' Hadiksvall 



! 



Axmar 



T^ -I 








K: P; 

HP VP CP 



GamelstiUa 



6r6n2ink« 



KangMfora and 
Ubrfore 



> 





DE 4 C:o 




@ 




(1 
ST' (LB 





•'CB* 




nofore. 



Montros ..... 
Bobertabolm , 



I 



Hojcbo and 
I Sandviken . 



(For gun-barrels.) 

Kihtafors 

(For steel.) 



IJosne. 



L&ngrind 



Orkelbo. 



Osl&ttfors. 



StrOm. 



STftbensverk . 



ToUTors. 



'Woxna. 



Gefle 



I Forsbacka, (for steel) . Gefle 



Thorsiker . 



Gyslnge — 



Gysioge w 

I 
Hammarby 



>■ Tbors&ker 



Gefle 



Sddeihamn . 



Id 



Id 



Hackmyra Gefle 



Id 



Id 



Hudikswall. 



Falan. 



Gefle 



BoIlniU 



150 



I 



1, 100 ; From Uto, EokiuT stc 



850 . From Tana, Hfftbrre. 

i et«. 

430 FiomBiMpberj;,Iorberg. 

I and ThorUkker 

440 From Norberg, ee. 

940 From Dannemor. 

I 



3,300 From nisplierg. Interg, 
and Tbors4k«i 



Fnim Bispbeg and 
TborsAker. 



1,100 I From Hammkm sad 
Korberg. 



430 From Xorberg. Hi. Stri- 
I burg, Dannemosele. 



660 
370 
1,500 
600 
790 



From Wigelsbo, Ul and 
Herring. 



From Yin^m. 



From Bispberg, et* 
From Ostanberg, a 



550 I From Yintjem. 



960 



From Bispberg. 



630 From 6ym4s andfrt- 
kog. 
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M»rk. N.ine of worli.. 


,„,..., 


Annanl 

prrKlllCtluD 

tn toui. 


p. il^clTuI nriHi. ^H 


® 
t © 

1 © 

® 

OO 

1.®® 


raoTIKCB or VfAJjL. ^^1 


Elfk.fle6 


n 












Strtn-berfi 

S5d»rfoni _ 

■Wmltholnn 

Ostarby 












ri».vn.c<o.>,Toc.<.OLH. ^H 




TiB 


910 


■-| 


Bkebo 

H«lt 


NofTteBs 

BUHkhotm 




i. ® 

A, © 
©©@ 
©S © 

© ^ 
|4- 


— ■ 




AveaU 

UiKDof 


ISO 

3sn 
wo 

1.100 
t.100 

i,*oo 

SID 
!M0 


From nBmmrt, Wnkoft 
■Dll Gfisb. 

Pium Vlojum ud Skin- 

Fruiu Bjiberg and Oltts- 

gesbfrg. 
Fnim Abl, eM. 

BraioAhludBamiMrt 
rromBi.pborgiiiidL*ng "■ 

.ik,Blo. 

Trma Giiaberg. alo. 

From Bispbng. ale. 

From RtlHngibcrg. 


1 


)""" 


FreilrilnlHirg 


a.(ni«f 


QamiBr 

AvatU 

G.gn«f 


[■Ginmiilwrg 




At«(» 
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Uaik. 


SuDBofworkfc 


FMt-onn-. 


pndDctfam 


Prtodi*!.™- 


® 


1 Rlota .Dd 


iKBpingor 


1 " 

S ■■•" 

flOD 

s » 

i '■: 

i,MO 

mo 

310 

XW 
1,SM 
!S0 
£80 

7(0 


btrK,ud^uu1w)c. 

From TinOm aid SkiD- 


iKonlaxd 


r 

fiiiif4)ebukiui . 
iCgnef 






Llmtand 

InotU 

JLlndHBlM. 

8dM 


btrg. 
Fr™TonJ,Hl.lh«T:. 


©f © 

@@ m 

@.M1 

w % 




From Grt.brrp'. 






beix.FtDDi>uidHili- 


MnUDgibo 




FramGrSnGHbcntrlc- 


<N«ra.cd 
















i~- 




Thorbo mud 
Wikoiui.hvtUD.-. 


From IHipbrtx and Sor- 

bfm. 




™™r<o,-««>i^ 


® 


i 


K6 1 i '■« 


FroiD GtiiobrrK ud N;- 
berg. 






870 
l.TOO 


Norbwg 








(55) 








Kftldng 
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Mark. 



BR^ifflUKIJ 



If 



pb: 



'•■V 

¥ 




G5 GH 






feM) 



) |bFc1 (^ 



BatDgfts. 




« 






9J 



Name of works. 



Gislarbo 



HallBtahammar 



HSgforB and Persbo. 



Jftder 



> KamiaDsbo, etc 



Kolava 



Segliugsberg. 
Skattmanso . . 



Skinnskatteberg 



SorahaiDinar 



Svaiii. 



Tr&ngfors. 



Uttersberg 



Westanfore 



Wirsbo 



Asp* 



Bofors 



Bobr. 



Bredi\)d 



Brcfven . 



B&ngsme4Jan 



Poet-ofDoe. 



Eoping 



Strdmaholm . . . . 



Korberg 
Arboga . 



KSping 



EdpiDg 



Wester&s 



Id 

EDkSpiDg. 

KSpiDg... 



WeateriU 



Id 



Stromsbolm. 



KSping 



Norberg 



Wester&s 



ADnual 

prodaotion 

in touB. 



900 



450 



950 



280 



1,300 



1,800 

940 

430 
960 

680 

1,400 

760 

190 
340 
190 
430 



Principal ore*. 



From Riddarhytta. 



From Korberg. 



From Korberg and Grin- 
gesberg. 



From Stripa, etc. 



From Ofltanberg, etc. 



From Korberg. 



From Bill^JS and Kor- 
berg. 
From Korberg. 

Id. 



From Ortoberg, Tyak- 

grafva, etc. 
From Korberg. 



PBOVINCB OF OB£BRO. 



Aakersnnd. 



Oariskoga. 



Lindesberg 



Kora. 



KU8moW.S.B. 



KyaKopparberg 



490 



1,000 

160 
170 
350 
140 



From Kora. 



From Persbergand Nora. 

From I^mberg, etc 

From O^fiberg. GrOndal, 

etc. 
From Nora and Lanna. 

From Lomberg, etc. 
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Mark. 




HH AH 




w V w:5 



BS\S\ C 

m 

••••• 

Ton @ 

© 

PV 





<^S Mn 

® 



Name of works. 



Degerfon 
DegerforaN 
Elfttorp .... 



M 

a 

a < 

o 

a 
i 



Gryn ...... 

HaddeboO. 



HAddeboN 



nammarby 



Haaaelfora 



I 



> Hellefora 



HSgfon. 



Lass&na 



Lax& 



Peterafors 



RatDsberg 



RaiDshytta 



Rockeaholm 



Rockhammar 



Sikfors 



Skogaholm 
BkyUberg.. 



FrStnna 

Gammelbo 

FioD&ker 

GrSnbo 

Ramshytta .... 
Garpbyttan 



Post-office. 



Atorp. 



BcgerforsN.W. 

&B. 
Nora 



Arboga 



-s 
a 

S 

o 

o 



Ramsberg 
A.rboga . . . 



a 

o 



Id 



Nora. 



Orebro. 



P&lsboda W. S. 

B. 
Id 



Id 



Nora. 



Hamelfors N. 
W.8.B. 

Grytfayttehed. 



Ny a Kopparberg 



Laz&W.S.B. 



Id 



Nora 



Ramsberg. 



Id 



Nora 



Arboga 



Grytfayttehed.. 

PUsboda W. S, 

B. 
UaUsbergW.a 

& 



Anooal 

prodoction 

in tons. 



150 
650 
790 
390 
S70 

1.050 
390 
190 
960 

1,090 
910 

990 

1,000 

600 

9,610 

190 
430 
850 
150 
150 
140 
9G0 
1,050 
150 
510 
800 



Priocipal 



From Dalkarlsberg an* 

Striberg. 
From Per8berg,Dalkaric 

berg. Striberg Se, Tikei 
From HSgbwn. 



Prom RaoMberg 
Persh^-tto. 



an 



From Persbytta 

graf va, etc 
From Nora. 

Id. 



Id. 

From Hagliy. Lerber] 

etc 
From DalkarUberg. Str 

berg, and Yiker. 

From LombergandSrai 
vik, etc 

Id. 

From Nora. 

From DalkarUberg, Str 

borg, and Viker. 
From JemboAs. 

From StrAssaand Blank 

Id. 

From Sk&rfaytta and H6s 

born. 
From Stripa,Mos8gnefr] 

etc. 
From Finnberg, etc. 

From Nora. 

From Nora. 



MABES OF SWEDISH IROK. 



Uwk. 


Kimnofworli*. 


roatdffiex. 


pniducMlon 
In lonn. 


rrinripiluii'i. 


IK' B SB 

EC C 


Sljersfon 


NjiiK«p|«rb«-K 
Sv.riiS.W.8.B. 
CaHitnim 


470 


PrDlnL<imb«r(!»iii18v»n- 


® 
® 




berg.VlliM.i p.-raberu- 


WilUllloblTIl-.. 

ib,vh.mm.r.... 




lUiMbrrg 


,„.s.*..„„,.,.. 








m @ 


l-Kni-lx,Rnir-.K,MIAHOIin. 




K"H-b..rtt 

WHMbKkm 

SrQholmW.S-II.. 
Finn-Tfidl. Vr. 


300 

350 
*30 




& t 
•.vr v^ 

ss 


Fmlrik>r»n< 

K(bL1«K.f..r, 

1— 


Id. 
Id. 
Id. 
Id, 




IHOVISCg At TASUWAU. 


'^f-; 


(HjHinPbnntBiirt 

UOO.U.J 

1 BwBTik Mil 
UmuJibfrg 

I 

[llniltrani.clc... 
CliaTliitlFiilierg .. 


Chri„iu>-ha«,.l... 


BM , riuu Flllptlwl. 


IK 
© 


J(;hri.lliiph»n.B... 


a, 000 

4O0 
410 

1,280 


ynirarr™1«.rrDjll<.rl* 
IHTK, atipl*r«.4Vlk«r. 


BOO; 
® 




k / 

A 

0P3 

m. 

P 

® © 


(InHKtirt 


Prom l-iTi.bfrB»udXflr». 




14 


Eir.b.Ck« ; 




Frfnu Norilmirk ind 


HeljbodBfon .. 




34D 
l«0 






Fmn. PiTnlwrg, lUilrn 
biydp, r.i!«rbrrB, nd 
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Mark. 



k: 

cm Kfi 



Name of works. 



H&kanbol 



n 



BE 



ins 



HSgfora 



VvA 



OPS 



RF,CF,lE,Uf. 

M @ 

K* OL 



EolsSter. 
Krootorp 




LNS 



OAS NM 




@ \m_ 



$L Nm 



INN 




IGG^ 








W- [Ml (cj) 

® (D 

CfiJ SB 

•••• 

cij uc 



LlniurUfbrt 

Le^ofors 

Letbafon 

Lidefore 0... 
LidefonN .. 

Lindfon 

LdfstJibolm .. 



Poot-oi&ce. 



Atorp. 



SuiiBe 



MiUnderafora . . 



Okne 

CbriiitieobaiDn 

Okoe 

Filipstad 

Bid* 

Atorp 

Id 

Carktad 

Saone 



Id 



I 



Molnbacka CarUtad . 



Niclaadam. ■ Cbrittinehamn . 



Noreborg [ Arvika 



Xoram Carlstad 

I 



Qvamtorp Id 



RansiterO ! Id 



Ransiiter 



Id 



I 



i Rans er N I Id 

I ! 



RottDedal j Sonne 



Ramen orI4jenda] 



I- 



I>nUp8Ud 



>8torfori i Cbrictinehamn. 



StAmned). 



Sraneboliii. 



Carlatad 



AmAl 



Annoal 
prodoetion 
in 



S» 



630 

SIO 
370 

800 
1,900 
890 
150 
160 
830 
980 
900 
830 

980 
140 

130 

170 

160 

180 
160 
640 
680 

1,530 



460 



Priaeipttl 



From DalkariaberK. 



From lAnghaii aad Pen 
Wg. 



From Dalkariaberg and 

Striberg. 
Id. 

From Persberg. 



From Peraberg. 



From L&ngbaa, Per»ber2. 
and FUipstad. 

From Peraberg and Ky 
kroppa. 



From FlUpftad. 
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Mark. 



A 

® ® 




© 




CD; 





ICE 

b) GM 




© 

© 

Si 





m 




Name of works. 



SAlboda. 



Thorsby 



> Uddeholm 



Wasag&rda 



Wiljri»J6for« 



Bttckefors. 



ChristiDedal 



FDrsbacka 



KoUerfi 



Upperad 



Fonwa. 



Forays 



Erftmbol 



Nyby 



Nykdpiog. 



Skepsta, (steel) 



Sinedstorp 



Post-office. 



Arvika 



Sonne 



R&da 



Christinehamo. 



Sonne 



Annual 

prodaction 

in tons 



1,930 



630 



4.300 



S30 
170 



Principal ores. 



From Persberg. 



From Taberg, Nordmark, 
Persbnrg, and LAngban. 



PROriNCB OP BLFSBOBO. 



Am&l 



Id 



Id 



Uddevalla 



Wenersborg 



1,590 



44iO 



390 



700 



390 



From Persburg. 



PBOVIKCB OF NTKOPINO. 



Katrinebolra W. S. B 



Id 



Id 



Tborsb&lla. 



Nykdping. 



BJdmlanda W. S. B 



MalmkSping 



Vir& Norikfiping 




From Skalunda, etc. 



From Staf. 



PBOVIKCB OP OflTBBOOrULin). 



BR 



]^»i-;(g&rd 




I D4»rkhalt. 



TJellrao . 



Soderkdping 



960 



190 



From TJtA, etc. 
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Mark. 



Bb 




Name of works. 



Poot-ofBce. 



BoxboliD . 



Boxholm 



BftrfEgjdl ^ XorrkSpioff 







tGE N:G 
C:F: 



>^FiDepoDg , Id 






CiJB 
H 

® 

■•..-•■ 

Hi) 




• • 



S-C' 



® 





ll 



Annual 

prodncUon 

in tons. 



(HO 



160 



PriBcipal ore*. 



Folkfttrdm TJellmo 



Godefi;&rd : Hallsberg w. s. b. 

I 

! 

Gr>tgj«l ' TJollmo 



Hnlt J Xorrkdpinj; 



nifla Id 



I Hilttorp ! TJellmo 



j IJang ; LinkdpiDg 



' Lemnei : TJellmo 



MoUlaWerksUd MoUla 



Skonnarbo I Tjellm5 




SoDstorp ' XorrkSping 



S,900 From Upaala. St.i]i«%'. 
ITio, eio. 



510 

I 
I 
870 From Nora ami S.fD::a. 

IdO 
250 

600 Fnnu N«»ra. 

170 

550 

310 

2.100 
550 



PBOVIXCK OF CAIJAAK. 



Ankannim '< Westerdk 



; £d 



Soderkdping 



I Faleterbo ' Westervik 

I I 



830 



280 



260 



Fogelfors 



From Steubo, X.irtorp, 
Sjdna, rierrftuit, ui-d 
Norberg. 

From Steiilm, Henio;:. 
Ut6, and Xartorp. 

From Skramstad.Obahii. 
aod Uto. 



Staby. 



I i 

I I 

I Tofverom ' WIramesby 

I 



310 { From Striberg aud Sahl 
sta. 



' Orvermm Atvidaberg 



170 



350 



From SJosta, Uto. St4'n«- 
n&.\ Olofsmm, etc. 
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Mark. 



Name of works. 



I*ofit-ofBce. 



Annual 

prodnctioD 

in tonB. 



Principal ores. 



PROVINCE OK jdXKOPINO. 



¥i 



Eckersbolro. 



Jtinkopinf; . 



■^\ 



Golbaforo i Id 



3": 



: Horle. 




"NVernamo. 



•J -liFil rtFSj Lindefors ; Wrigstad 



140 1 From Taberp. 

I 
1^0 ' Id. 

i 

3W ' Id. 

•,»90 . Id. 

I 




r 



IFN 



NiMHal'ors ! JOnkuping . 



370 ■ Frtim Taberg and Nora. 



I'ROVIKCE OF KKOXOBERG. 



.-- "v 






Ii4>kHb«)]m. 



WTexio. 




KlafreHtrura Id 

I LcHoebo Id 

Orrefors '■ Id 

Stenfors Id 

I 
I 

SUf8io!itrdin i Id 



160 

IW 
040 
i240 
•210 
VJO 



For information as to tbe pricos and ] qnalities of the irons, one can -write directly to tbe forges tbcm- 
Mlret. For example : " Bmkskontoren & 8ilfHJ6«trom,| Wexio, Sweden ; or " Brukskontorcn 4 Niasa- 

fort, JSnkdping, Sweden," &o. 

Bat as ftll the marks are not indicated here, and since all tbe forges have agents, it will be lietter to 
ask the name of their agent, wbo will be able to give all the neceHsary information. 
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I>^DEX. 



Art. Page. 

Akerinaii's memoir on the iron and steel of Sweden 127 152 

ou Bessemer process 142 175 

bog-ores andlimonite 1^7 167 

cement-steel 143 177 

composition of Swedish ores 147 182 

distribution of ores in Sweden 129 153 

geology of Swedish iron-ores 134 158 

locality of greatest production 146 182 

Martin steel 143 177 

means and methods of transportation 139 171 

methods and cost of mining 136 165 

[trodnction of iron-ore 135 162 

pig-iron 138 168 

puddling process 141 175 

rolling-mills 144 177 

sources of fuel 130 154 

statistics of iron and steel industry in Sweden 145 178 

Swedish iron-making 128 152 

transportation 131 155 

use of English coke 132 156 

water-power in Sweden 133 157 

wronght-iron and steel 140 172 

Algerian ores and mines 106 - 128 

Arrangement of French exhibits 92 118 

Art castings 

Artillery, exhibits by Krupp CI 70 

Anstrian display of iron and steel, extent of 4 5 

Empire, iron and steel industry 4 5 

Awards in 1667 95 121 

Bessemer process, Akerman on 142 175 

steel in the Alpine country, Austria 14 15 

Blast-furnaces, Buttgenbach's 62 82 

European, dimensions of 24 41 

Bloomaries in Bohemia, Moravia, and Silesia 21 19 

Blowing-engines 114 136 

Bochum cast-steel bells 86 112 

works 80 111 

coal-mineH ril 111 

c(»ke blast- furnaces 83 111 

furnaces 84 111 

iron mines h2 111 

mining and steel works 79 110 

steel castings 85 112 

Bog-ores and limonite, Akerman ou 137 167 

Boraig's exhibit 45 59 
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Art. PacA- 

Britibb exhibitors, priucipal 154 224 

exbibit, cbaracter of 152 223 

exports 153 223 

iron and steel industry 158 223 

Barbacb Works 57 65 

Bnttgenbacb^s blast-furnaces 62 82 

Carinthian furnaces, sections of 23 21 

Cast-steel bells, Bochum 86 122 

in the Alpine country 13 14 

works, Bochum .' 80 111 

Chinese iron-makin;; 168 252 

Chnrches for work-people of Georgs-Marien-Hiitte Company 68 101 

Clnb-houses of Georgs-Marien-Hiitte Company 76 lOG 

Coal-mines, Bochum 81 111 

Coal, Russian production of 151 217 

Cockerill Company of Seraing, history of the^ 110 131 

Coke blast-furnaces, Bochum 83 111 

fomaces at Bochum 84 111 

Courts of Justice of Georgs-Marien-Hiitte Company ^ 71 102 

Creuaot ;; Schneider & Co 91 118 

Dillinger Company, exhibit of 46 60 

Ehrenwerth's puddler 33 50 

Essex County (New York) iron-ore 161 236 

Exhibits, artillery, by Krupp 61 76 

Austrian, neatness of arrangement of 6 7 

Belgian, and production of iron and steel 107 129 

British, character of , production 152 223 

Dillinger Company 46 60 

French, production of iron][and steel 90 116 

Gorman, extent and arrangement of 36 55 

Gleiwitz furnace 89 114 

Judenberger Iron-Works 31 49 

machinery, by Krupp 60 72 

Resicza State Rail way 26 46 

Rositzer Mining Company 30 4H 

Styruni Company 47 60 

Swedish, character of the 120 141 

United Kiinigs and Laurahiitte 49 GO 

United States, character of 158 234 

various 105 127 

Exhibitors, German, number of 44 59 

Fagersta iron-ores and limestone .^ * 1*22 142 

steel, experiments by Kirkaldy 124 147 

gHU-barrel« 123 144 

plate, tests of 125 150 

works, exhibit 121 141 

Ferro-niaiig.'inese of Resicza 27 46 

Laibach 29 48 

Forging, hydraulic 34 53 

Forged cranks, HaswelKs 184 270 

Forms assumed by furnaces after long working 25 41 

Fonnderies in Bohemia, Moravia, and Silesia 19 19 

FumacOj Gleiwitz, exhibit of the 89 114 

Geology of Swedish iron-ores 134 154 

Georgs-Marien-Hiitte Company 64 94 
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Art. Pa|(e. 

Germku Empire, display of iron and stoel 36 55 

exhibits, extent and arrangemont of 36 55 

prodaotion of iron and steel 37 55 

Gtrden and colnmns, iron 56 64 

Gleiwitz furnace, exhibit of 89 114 

Growth of the German iron and steel indastry, graphic illustration of.... 42 57 

production of iron and steel • 39 56 

steel-making 40 56 

Hamm wire-works 52 62 

HaswelFs apparatus for forging 176 258 

cylinder-heads 182 267 

exhibit of locomotive hydraulic forging 174 257 

forged cranks 184 270 

hydraulic forgiug, the process of 177 258 

press 178 259 

link-motion blocks.. 181 262 

method of hydraulic forging 175 257 

solid locomotive wheels 183 267 

wronght-iron cross-heads 179 259 

journal-boxes 180 262 

Houses for work-people of Georgs-Marion-lIUtte Company 66 98 

Hotpitals of Georgs-Marion-HUtte Company 73 104 

Hot blast-stoves, Whitwell 155 225 

Hjdraolic forging 34 53 

Indoatrial schools of Georgs-Marien-Hiitte Company 69 101 

Inyeatigations, scientific, of the quality of iron and steel 100 125 

Ilsenbnrg cast-iron art-work li^ 276 

iron, its quality 189 283 

molding-sand 188 279 

temperature of fusion 190 292 

Iron and steel forgings 117 138 

making, Russian, statistics of 149 208 

of British India 170 253 

works, Osnabrlick 63 92 

girders and columns 56 64 

industries of Bohemia, Moravia, and Silesia 16 16 

linings for shafts of mines 104 127 

making and ore extracting, Prussian 41 56 

Chinese 168 252 

manufactures in Sweden 127 152 

mines, Spanish 148 207 

ores and limestone, Fugerstu 122 142 

ores and steel of Japan 167 251 

Indian 172 255 

production of the United States, statistics 106 241 

shoes for railway-brakes 48 <iO 

wire from Westphalia 50 60 

works and mining property of the Cockerill Company 110 131 

Russian 150 210 

Jndeubergor irou- works, exhibit of 31 49 

Kmpp, Friedrich, exhibits of artillery by 01 76 

machinery by 60 72 

works of 59 69 

Liaibach, fcrro-mangauese of 29 48 

Liake Superior ores 159 2:11 
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